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PREFACE. 



To open the patli to the myriad wonders of creation, 
which, altogether unBeen by the nnaseisted eye, are 
made cognisable to sight by the aid of the Microscope, 
13 the aim and scope of this volume. Great and 
gorgeous ae ie the display of Divine power and ■wisdom 
in the things that are seen of all, it may safely bo 
affirmed that a far more extensive prospect of these 
gloiies lay tinheeded and unknown till the optician's 
art revealed it. Lite the work of some mighty genie 
of Oriental fable, the brazen tube is the key that un- 
locks a world of wonder and beauty before invisible, 
which one who has once gaaed upon it can never for- 
get, and never cease to admire. 

This volume contains but a gleaning; the author 
has swept rapidly across the vast field of mai'vels, 
snatching up a gem here and there, and culling ojie 
and anotlier of the brilliant blossoms of this flowery 
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region, to weave a specimeu cliaplet, a sample coronal, 
which may tell of the good tilings behind. Yet the se- 
lection lias heen eo made ae to leave untoiiclied no con- 
eiderable ai-ea of the great field of Zoology which is 
undei' the control of the Microscope ; so that the stu- 
dent who shall have verified for himself the ohsei-va- 
tions here detailed, will be no longer a tyro in micro- 
scopic science, and will be well prepared to extend iiis 
independent researches, without any other limit than 
that which the finite, though vast, sphere of study itself 
presents to liim. 

The staple of the work now offered to the public 
consists of original observation. The author is far 
from thiniiing lightly of the labours of othere in this 
ample field ; but, still, it is true that, respecting very 
many of the subjects that came under his notice, he 
found, in endeavouring to reproduce and verify pub- 
lished statements, so much pei-plexity and difficulty, 
that he was thrown back upon himself and nature, 
compelled to observe de novo, and to set down simply 
what he himself could see. The ever accumulating 
stock of observed arid recorded facts is the common 
property of science ; and the author has not scrupled 
to reproduce, to amplify, or to abridge his own obser- 
vations which have already appeared in his published 
works and scientific memoirs, as freely aa he would 
have cited those of any other observer, in which he 
had confidence, and which were germane to his pur 
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poso Yet in almost all cases tlio obaervalioiis so used 
have been sul)jectc<l to renewed scrutiny, and have 
been verified afresh, or corrected where found defective. 

In order to relieve as much as possible the dryness 
of technical description, a colloquial and familiar style 
has been given to the work ; which has been thrown 
into the form of a series of imagiiiaiy conversaziones, or 
microscopical soirks, in which the author is supposed 
to act as the provider of scientific entertainment and 
instruction to a circle of friends. It is proper to add, 
liowever, that the precision essential to science has 
never been consciously sacrificed. A master may be 
easy and familiar without being loose or vague, 

A considerable amount of information will be found 
incidentally scattered throughout the work, on micro- 
scopic manipulation— the selecting, securing, and pre- 
paring objects for examination ; — an important matter, 
and one whieli presents a good deal of practical diffi- 
culty to the beginner. Not a little help will be afforded 
to him, also, on the power to observe and to discriminate 
what ho has under his eye. In almost every instance, 
the objects selected for illustration ai-e common things, 
such as any one placed in tolerably favourable circum- 
stances, with access to sea-sliore and country-side, may 
reasonably expect to meet ■with in a twelvemonth's 
round of reseai'ch. 
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The pictorial iiliistratioiia are almost co-cxtcnsive 
with the descriptions ; tliey are one hundred and thir- 
teen in nnmber; all, with the exception of eighteen, 
productions of the author's own pencil, tlie great ma- 
jority having heen drawn on the wood direct from the 
Microscope, at the same time as the respective descrip- 
tions were written. He ventures to hope that they 
will be found accurate delineations of the objects repre- 
sented* 

ToKQDAY, Febmari/, 1859. 

* Tiio Bubjecta on pp. 48, 64, X12, 114 (the lower figures), and 115, 
have been copied, under the courteous permission of the publisher, &om 
Dr. Carpenter's valuable ivork, " The Microscope, and its Revelations." 
(OhiirchQl, London.) 
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EYEWIKGS 

AT THE MICROSCOPE. 



CKAPTER I. 



"Not many years ago an eminent mieroscopist received 
a coiumunieation inquiring whether, if a minute por- 
tion of dried skin were eubmitted to him, he could de- 
termine it to he hu/mam, skin or not. He replied, that 
he thought he could. Accordingly a very minute frag- 
ment was forwarded to him, somewhat resembling what 
might he torn from the surface of an old trunk, with all 
the hah" rubbed off. 

The professor brought his microscope to bear upon 
it, and presently found some fine hairs scattered over 
the surface ; after carefully examining which, he pro- 
nounced with confidence that they were human hairs, 
and such as grew on the naked parts of the body ; and 
still further, that the person who had owned them was 
of a fair complexion. 

This was a veiy interesting decision, because the 
fragment of skin was taken from the door of an old 
church in Yorkshire ; * in the vicinity of which a tradi- 

" I am writing from memory, having no means of refening to the orig- 
inal record, which will bo fouail in the first (or seeund) Tolnme of the 
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AT TEE MICROSCOPE. 

tion IS preserved, that about a thousand years ago a 
Daiiish rohter had violated this church, and having 
been taken, was condemned to be flayed, and his skin 
nailed to the chnrch-door, as a terror to evil-doers. 
The action of the weather and other causes had long 
ago removed all traces of the stjetehed and dried skin, 
except that, from under the edges of the hroad-hoadod 
nails with which the door was studded, fragments still 
peeped out. It was one of these atoms, obtained by 
drawing one of the old naUs, that was subjected to mi- 
croscopical scrutiny ; and it was interesting to find that 
the wonder-showing tube could confirm the tradition 
with the utmost certainty ; not only in the general fact, 
that it was really the skin of man, but in, the special 
one of the race to which that man belonged, viz. one 
with fair complexion, and light hair, such as the Danes 
are well known to possess. 

It is evident from this anecdote, that the human 
hair presents characters so indelible that centuries 
of exposure have not availed to obliterate them, and 
which rcaddy distinguish it from the hair of any 
other creature. Let us then begin our evening's 
entertainment by an examination of a human hair, 
and a comparison of it with that which belongs to va- 
rious animals. 

Here, then, is a hair from my own head. I out off 
about half an inch of its length, and, laying it between 
two plates of glass, put it upon the stage of the micro- 
scope. I now apply a power of 600 diameters ; that is, 
the apparent increase of size is the same as if six hun- 
dred of these hairs were placed side by side. Now, 

" Tranaaetiona of the Mioroscopica! Society " of London. The genera] facia, 
however, may be depended on. 
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IIAIE9, FEATHEK3, AND SCALES. 6 

witli this eye-piece micrometer, we 'will first of all 
measure its diameter. 

You see, crossing the bright circular field of view, 
a Bemi-pellucid cylindrical object; that is the hair. 
You see also a mimber of fine lines drawn parallel to 
each other, exactly like those on an ivory 
rule or scale, with every fifth line longer I 
than the rest, and every tenth longer btill. 
Ibis is the micrometei', or scale by which I 
we measure objects ; and the difference in 
the length of the lines, you will readily i 
guess is merely a device to facilitate the 
counting of them. By moving the etage up 
or down, or to cither side, we easily get the j 
hair to he exactly in tlie centre of tlie field ; 
and now, by adjusting the eye-pieee, wo ' 
make the scale to lie directly across the hair, 
at right angles with its lengtli. Thus wo 
see that its diameter covers just thirty < 
the fine lines ; and as, with this magnifying """*" ""'^ 
power, each line represents l-10,000th of an inch, the 
hair is 30-10,OOOths,=^i^rd of an inch, in diameter. 

In all branches of natural history, but perhaps pre- 
eminently in microscopic natural history, — owing to its 
greater liability to error from illusory appearances, — we 
gain much information on any given structure by com- 
paring it with parallel or analogous structures in other 
forms. Thus we shall find that our imderstanding of 
the structure of this haii' will be much incret^ed when 
we have seen, under the same magnifying power, 
specimens of the hair of other animals. In order, 
however, to explain it, I must anticipate those ob- 
servations. 
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i EVENIKGS AT THE MICKO3C0PE. 

What wc see, then, is a perfectly " translucent cyl- 
inder, having a light brown tinge, and mai-ked with a 
gi-eat number of delicate lines, having a general trans- 
verse direction, but very irregularly sinuous in tlieir 
individual courseB. These lines we perceive to be on 
tlie surface ; because, if we slowly turn the adjustment- 
screw, the lines gi-ow dim on the eenti-al pai-t of the 
cylinder, while those parts that lie neai- the edges (speak- 
ing according to the optical appearance) come into dis- 
tinctness. Presently the edges of the cylinder become 
sharply defined, and are seen to be cut into exceedingly 
shallow saw-like teeth, about as far apai-t as the lines ; 
these, however, are so slight that they can be seen only 
by very delicate adjustment. Wo go on tui-ning the 
screw, and presently another sencB of transverse lines, 
having the same eliai'acters ae the former, but differing 
from them individually, come into view, at the sides 
firat, and presently in the middle, and then, as we still 
turn, become dim, and the whole is confused. In fact 
our eye has travelled, in this process, from the nearer sur- 
face of the hair, right thi'ough its transparent substance, 
to the farther surface ; and we have seen that it is siu'- 
rounded by these sinuous lines, which the edges — or those 
portions of the hair which would be the edges, if it were 
split through the middle (for, optically, this is the same 
thing)— show to be successive coats of the surface, sud- 
denly terminated. If we suppose a cylinder to be 
formed of very thin paper, rolled up, and then, with a 
turning-lathe, this cylinder to be tapered into a very 
lengthened cone, the whole would be suri'onnded by 
lines marking the cut-through edges of the successive 
layers of paper ; and, owing to the thickness of the 
paper not being mathematically eq^ual in every part, 



I ..Google 



tliose edges would be simioua ; exactly as wg see in 
these lineB upon the hair. The effect and the cause are 
the same in the two cases. 

A hair is closely analogous to the stem of a plant ; 
inasmuch as it grows from a root, by eontiimal additions 
of cells to tlie lower parte, which, as they lengthen, push 
forwai'd the ever-lengthening tip. Indeed, in some of 
the hairs which we shall presently look at, there is the 
most curions resemblance to tlie stem of a palm, with 
the projections produced by the successive gi-owth and 
sloughing of leaf-basea around the central cylinder. 
Internally, too, the resemblance is remarkable ; for, if 
we split a human hair, and especially if we macerate it 
in weak ram-iatic acid, we shall find it composed of (1) 
a thin but dense kind of bark, forming the successive 
overlapping scales just described ; (2) a fibrous sub- 
stance, extending from the bulb to the point of the hair. 
By soaking the hair in hot sulphuric acid, tliis fibrous 
substance resolves itself into an immense number of 
very long cells, pointed at each end, and squeezed by 
mutual pressure into various angular forms'. " A 
human liau', of one-tenth of a line in thickness,* has 
about 250 fibrils in its mere diameter, and about 50,000 
in its entire calibre : so that these ultimate fibrils are 
finer than those of almost any other known tissue, from 
the great elongation and narrowing of their constituent 
cells as they are drawn out into the shaft of the hair 
during growth ; and hence the expanded bulb of the 
hair, where the cells are yet spherical and soft."t (3) 

* This 13 neoriy thrice aa great aa tlie diameter I lind given above, 
whicli was tlie result of several eareful aclmeasurements of diifcrent hciira, 
taken from childhood and adult age. 

f Grant. OutL Comp. Anst. 64T. 
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liuniiing tliroiigh the veij centre of the fibrous portion 
may be sometimes discerned a dark slender line, which 
ia a sort of pith i^eiuUd)^ composed of minnte roxindish 
cells, filled witli air, and arranged in two or three rows. 




The bi-istlos of the Hog hear much resemblance to 
the human hair. On this slide is one, which you per- 
ceive is jtist thrice as thick aa the hair that we have 
been examining, or Tooth of an inch in diameter. The 
sinuous lines across the surface arc proportionally far 
finer and closer together, and no saw-teeth are visible 
at the edge, the moat delicate adjustment showing only 
a minute imdulation in tlie outline ; that is to say, the 
overlapping scales are far thinner, and therefore their 
tei'minationa are nearer together, in the hair of the 
Swine than in that of !Man. I wiU now show you a 
transverse section of a similar bristle, which I will ob- 
tain thus : I take this old brush, and mth a razor cut 
off one of the bundles of bristles, close to the wood ; 
then I take off as thin a shaving as I can eiit, wood, 
bristles, and all : I repeat tlie same operation two or 
three times. Wow, picking out the shavings of wood, 
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IIAIB8, 5T14THEES, AND SCALES. 7 

I take up a few of the dust-lite atoms with the point of 
my pen-bnif'e, and scatter them on this plate (or slide) 
of glass, and tliese I cover with another plate of thin 
glass ; for this dust is composed of thin transverse slices 
of the brietles, and as I scatter them, some will fall 
upon their cot ends, so that we shall look through them 
endwise. 

Here is one, very suitable for examination, — since it 
is not a whole section, the razor having passed some- 
what oblicjuely across it, coming out beyond the mid- 
dle, where it thine away to an edge. The outline is not 
circular, bvit elliptical ; that is, the hair ia not round, 
but flattened. There is no separable cortex, or bai'k, 
and the whole substance appears made up of exces- 
sively fine fibres, of which we see the ends cut across. 
A rough dark fine occupies the middle of the slice, in 
the plane of the greater diameter ; but at the edge of the 
shce we are able to see that this is not a sohd core, as 
has been sometimes supposed, but a cavity passing up 
through the hair. It is surrounded by a layer of me- 
dullary cells, which appear black, because they are 
filled with air. 

Tlie finer hairs of the Horse and the Ass, such as 
those selected from the cheeks, have the sinuous edges 
of the plates about as close as in human hair. But they 
are distinguished at once by the conspicuousness of the 
medullaiy portion, which is thick, and quite opacLue, 
and is broken iip (especially towards each extremity of 
the hair) into separate longitudinal irregular masses. 

Tlie fine wool of the Sheep is clothed with imbrica- 
tions, proportionally much fewer than those of human 
hair, while the diameter is also much less. Thus these 
examples, selected from fine flannel and from coaree 
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8 EVENINGS AT THE MICKOSCIU'E. 

worsted, vary in diamotei' from yiVs^^i to YSftli of an 
inch ; and there are, upon an average, about two im- 
brications in a space equal to the diameter. Ko colour 
1 perceptible in these specimens ; they are as 
transpai-ent and coloiii-leas as glass. The im- 
bricated plates project here considerably more 
than in either of the examples we before exam- 
ined; the "teeth," however, form an obtnse 
mgle. 

"Wo shall presently see the importance of this 
inibiicate stracture ; but we will first look at a 
few more examples, in which we shall find it 
still more strongly developed, in conjunction 
with some other peculiarities. All the haire 
that we have looked at are what I have called 
I fibrous in their inteiior texture, but those of 
a many animals are more distinctly cellular. 

Thus, in these specimens, plucked from tlie 
eiiEEPsWLfur of the Cat that lies coiled up on the hearth- 
rug, we see, first, that tlie imbrications are short, being 
about equal to the diameter in lengtii, but are very 
strongly marked ; tliough, like those of the Sheep's 
wool, obtuse. Hence, the contour is extremely like 
that of the stipe of an old rough palm-ti'ee. There is 
a distinct bark (cortex), which is tliick, and marked witli 
longitudinal lines, wliich add to the resemblance just al° 
luded to. The interior is clear, marked off at pretty 
regulai' intervals by the broad flattened medullary cells, 
in single senes, each cell occupying, for the most part, 
the whole breadth of the interior. These cells are trans- 
parent and apparently empty; but their walls appear 
opaque and almost black, — an optical illusion, depen- 
dent on the absor])tion of the light by their surfaces at 
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certain angles witli tlie eye of tlio belioldei 
fibrons portion is liere almost dipplaced hy tlie 
great development of the medullary cells. 

In the larger hairs of the Mole, which we 
will now look at, the bai'k is very thin ; and 
though tlie sni'face is marked with simions 
lines, these do not project into teeth. The 
pith liere again forms tiie gi'eater portion of 
the hair, the cells of which it is composed I 
being placed in single series, which, for flie 
most part, extend all across the body of the j| 
hair, though Uiey are somewhat irregular 
both in size and shape. They are rather flat-/ 
tened, and appear perfectly black (that h 
opaque) by transmitted light, their surface 
absorbing all the rays of light. The small eaib of cat. 
haiiBof the same animal, liowevei, lie ^ei-^ diffeient m 
form : they are flattened, so is to ippeii twice is broad 
in one aspect as in anjtliei at J 
right angles to it ; and, whit v 
curions, the scales of tlie biik "i 
project into strongly-maiLed ii 
bricationa on one side, and i 
scarcely perceptible on the 1 
otiier. Here, as in the Itigei J 
haire, there is a single low of 1 
oval transverse cells, peilectly|| 
opaque. 

The hair of manj of th 
smaller Mammalia slio\\8 cm 
siderable divei-sity of ftim, a<- 

cording to the part which \\Q select foi obsei-vition 
Thus, if we take a long hait out of this Sable tippet, 
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10 EVENINGS AT THE MICIiOSCOPE. 

and examino it near the base, we see tliat it is very 
slender, transparent, and colourless, covered with 
strongly-marked imbrications, wliicb are iiot obtnso 
teeth, hnt long, pointed, overlapping scales, about ten 
of which complete a whorh The fibrous portion is 
moderately thick ; inclosing a wide pith of roundish 
cells, set in two rows, that allow the rays of light to 
be transmitted through their central parts. 

As we trace the hair upwards, by moving tlic stage 
of flic microscope, by and by it swells and rapidly in- 
creases in thickness ; the imbrications are scarcely per- 
itiblo ; while the pith- 
celle have greatly augment- 
i edinnumberandin breadth. 
I Tliese are an-anged in con- 
I fused, close-set, transverse 
I rows, andare nearly opaq^ae. 
Still tracing up the same 
I hair, as we approach the 
I tip, the bark and fibrous 
1 part become veiy thin ; the 
' cells are fewer and fewer 
W 1 'j\ tiU they cease altogether, 

iiiiE cv SADLE. ^""^ ^ long slender point, 

of a cleai- yellow tinge, 
without cells, presents ti'ansverse wavy lines of imbri- 
cation scarcely projecting. 

The hair of the common Mouse is a pretty and in- 
teresting object. In the lai'ger specimens the fibrons 
portion is reduced almost to nothing. The imbrications 
project very Httle, but careful observation reveals slant- 
ing lines proceeding from tlie " teeth ; " which show 
tliat tlie whole surface is clothed with long pointed 
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scales, wliicli are excessively thin ind 1 e cl ^le Tho 

pith consists of large flattened cUls, ii an^cd tl nw 

one row passes lip thiough the cen I 

ti-e, and other eimilai' ones are set m j| 

a circle around it, so that a longitu 

dinal section would show three pii i 

aliel rows. These cells ai-e translu J 

cent, and some of them are oithei | 

wholly or partially lined with a elcii | 

yellow pigment. 

The smaller hairs from the 1 
ime little animal are eeaicely | 
distinguishable from those ct « 
the Oat, already described, ex- 
cept that the imbrications 
I larger. In all, the extremity is drawn out to ' 
a lengthened fine point, and is occupied with ' 
1 clear yellow cells, except the very tip, which i 
J is colourless, and imbricated witli ; ' 
\ whorls, each consisting of a single scale. 

But it is in the Bats tliat the imhrieated ^ 
I character attains its gi'eateat development. 
[ On tliis slide is a number of haire from the 
I fur of one of our English Bats, in which it is ' 
j far more conspicuous than in any example we ^ 
I have yet seen. In the middle portion of each , 
hair ^e scales lie close, embracing their suc- 
s to the very edges, or nearly ; hut the , 
I lower part, which is more slender, resembles 
TIP OF 3. multitude of trumpet-shaped flowei-s formed"*'^^"' 
^rinto a chain, each being inserted into tlio 
"^throat of another. The lip of the "flower" is 
<f oblique, and here and there we can perceive 
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that eaeli is formed of two half- en circling scales ; for 
one scalo occasionally spring from the level of its fel- 
low, so as to make the imhrication alternate. 

Even this, however, is far excelled by a species of 
Bat from India, of whose hair I have now specimens on 
the stage. Tlie tmmpet-like cups are here very thin 
and transparent, but very expansive ; tlie diameter of 
the lip being, in some parts of the hair, fully tlirice as 
great as that of tlie stem itself. The margin of each cup 
appears to be undivided, but veiy in'egularly notched 
and cut. In tlie middle portion of the hair, tlio cups 
ai-e far more crowded than in tlie basal part, more brnsli- 
like, and less elegant ; and this structure is continued 
to tl e ^e J extie lity, which is not drawn out to so at- 
tenuited i i mt it the hair of the Mouse, though it is 
of a needle like sh ii-pness. Tlie trumpet-shaped scales 
, it seems, liable to be removed by 
. accident ; for in these dozen liaii's there 
are several, in which we see one or 
1 lore cups rubbed off, and in one the 
stem is destitute of tliem for a consid- 
eiible space. Tlie stem so denuded 
f cl sely resembles the basal part of a 
"Miuse's hair in its normal condition. 

This character of being clothed with 
o^ erlapping scales, each growing out of 
' its predecessor, is common, then, to the 
Ji ' ^ I . hairs of tlie Kammalia, though it exists 
1 ^IF » ' ' ^ different degrees of development. It 
i!A B OP i»D N BAT ^ ''J ^1^ Teadily detected by tlie unaided 
sense, even when the eye, though as- 
sisted by the microscope, fails to recognise it. Al- 
most every schoolboy is familiar with the mode 
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by which the tip of any hair may ho cliatiiiguishcd 
from its hase ; and even of the least fragment, 
the terminal end from the basal end. The initiated 
lad assembles a few yonnger ones, and says, "Now 
you may make a marlr with ink on one end of a 
white horse-hair, and I'll tell you, by feeling it, which 
end you have mai'ked." He does, infallibly. He rubs 
it to and fro between his tbumh and finger, and the 
hair regularly travels throiigh m the direction of its 
base : one or two mbs of coui-se detemiine this, and the 
verdict is given oracularly. Now you see the cause of 
this propei'ty lies in the imbricate sti'ucture ; the scales 
may be excessively thin and close, but still they project 
sufficiently in any specimen to present a bamer to mo- 
tion in the terminal direction when pressed between two 
surfaces, such as the fingers, while they very readily 
move in tlie opposite. 

But more than the snccesa of a schoolboy's magic 
depends on the imbricate surface of hau's. England's 
time-honoured manufacture, that which affoi-ds the high- 
est seat in her most august assembly, depends on it. 
The hat on your head, the coat on yom- back, the flan- 
nel waistcoat tliat shields yom* chest, the double hose 
tiiat comfort your anldes, the carpet under your feet, 
and hundreds of other necessaries of life, are what they 
are, because mammalian hairs are covered with sheatli- 
ing scales. 

It is owing to this stnicture that those hairs -which 
possess it in an appreciable degree, are endowed with 
the property of felting ; that is, of being especially 
under the combined action of heat, moisture, motion, 
and pressure, so interlaced and entangled as to become 
' ' !, and of gradually forming a dense and clotli- 
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like textTire. The " body," or substance of tlie best sort 
of men's hats, is made of lamb's wool and rabbit's fur, 
not interwoTcn, but simply beaten, pressed, and worked 
together, between damp cloths. The same property en- 
ables woven ■woollen tissue to become close and thick : 
every one knows that worsted stockings shrink in their di- 
mensions, but become much thicker and firmer after they 
have been worn and washed a little ; and the " stout 
broad-cloth," which has been the characteristic covering 
of Englishmen for ages, would be but a poor open 
flimsy textiu'e, but for the intimate union of the felted 
wool-fibres, which accrues from the various processes 
to which the fabric has been subjected. 

In a commercial view, the excellence of wool is 
tested by the closeness of its imbrications. "Wlien first 
the wool-fibre was submitted to microscopical examina- 
tion, the experiment was made on a specimen of Meri- 
no ; it presented 2,400 serraturea in an uich. Then a 
fibre of Saxon wool, finer than the former, and known 
to possess a superior felting power, was tried: there 
were 2,720 serratures in an inch. Next a specimen of 
South-Down wool, acknowledged to be inferior to 
either of the former, was examined, and gave 2,080 ser- 
ratures. Finally, the Leicester wool, whose felting 
property is feebler still, yielded only 1850 serratures 
per inch. And this connection of good felting quality 
with the number and sharpness of the slieathing scales 
is found to be invariable. 

The hairs of many Insects ai-e curious and interest- 
ing. Here you may see the head of the hive-bee, which 
is modei'ately clothed with hair ; each hair is slender 
and pointed, and is beset with a multitude of subordi- 
nate short haira, which project from the main stem, and 
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stand out at an angle : these arc set on in a spiral order. 
Here again, is one of the liinder legs of the same bee : 
the yellow hair, which you, can see with the nalied eye, 
consists of strong, homy, curved epincs, each of which 
is scored obliquely, like a butcher's steel. These legs 
are used, as you are well aware, to brush off the pollen 
from the anthere of flowers, wherewith the substance 
called bee-bread, the food of the gmbs, is made ; and 
in this specimen, you may see hundreds of the beautifiil 
oval pollen-grains entangled among these foiinidable 
looking spines. 

These rusty hairs are from a large catei'pillar (that 
of the Oak Egger Moth, I believe) ; they appear, when 
highly magnified, like stout horny rods drawn out to an 
acute point, and sending forth alternate 
short pointed spines, which scarcely prr^'ect 
from the line of the axis. 

But there is Bcareely any hair more cm i- 
oua tlian that of a troubl^ome grub in ]ini- 
senms and cabinets, the larva of Bcrmesii s 
liwdanus, which lives upon fur-skins, and 
any dried animal substances. It haq a cyl- 
indrical shaft, which is covered with whorls 
of large close-set spines, four or five in each 
whorl, closely succeeding each other ; tlio 
upper part of tlie shaft is suiTounded by a 
whorl of larger and more knotted spines, and 
tlie extremity is furnished with six or seven 
large filaments, which appear to have an 
knob-like hinge in the middle, by which 
they are bent up on themselves. 

The feathers of Birds are essentially hairs. Tliat 
shrivelled membrane which we pull out of the interior 
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of a quill when we make a pen, is the medullary portion, 
dried. There is a beautiful contrivance in the bai-hs of 
most feathers, wJiich I will illnsti-ate by this feather 
from the body-plumage of the domestic fowl. Every- 
one must have observed the regular arrangement of the 
vane of a feather, and the exquisite manner in which 
tJie beards of which it is com- 
posed are connected together. 
/ This is specially observable in 
tlie wing-feathei-s, — a goose-quill, 
for example ; where the vane, 
though very light and thin, forms 
an exceedingly firm resisting 
medium, the individual beards 
maintaining their union with 
gi'eat tenacity, and resuming it 
immediately, when they have 
been violently separated. 

Now this property is of high 
importance in tlie economy of 
the bird. It is essential that 
with great lightness and buoy- 
ancy — for the bird is a Jlying 
creature — there be power to strike the air witli a broad 
resisting surface. The wide vanes of the qnill-featliera 
affoj-d these two requisites, strengtli and lightness ; the 
lattei- depending on the material employed, which is 
very cellular, and the former on the mode in which the 
individual barbs, set edgewise to the direction of tlie 
stroke, take a firm hold on each other, 

Now, in the body-feather which is under the micro- 
scope, we see tliat the central stem carries oa. each side 
a row of barbs, which interlock with each other. The 
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magnifying power sKowa ns that tlicae l^arbs ave not 
simple filaments, but are themselves doubly heai-ded in 
the same fashion ; and further, that these harhules of 
the second series are famished witli a third series. It 
is in this tliird series of filaments that the tenacity in 
question resides. If we isolate one of the primary 
beards, hy stripping away a few on each side of it, and 
again pxit it on the stage, we see that the secondary 
barbules of one side are armed dififerently from those of 
the other side. Those of the lower side carry short and 
simple barhulets, whereas those of tho side which looks 
towards the point of the feather bear much longer ones ; 
and, moreover, many of them are 
abrnptly hooked backwards. Now, 
whenever the primary beards are 
brought into contact, some of these 
hooks catch on the barbule next i 
above, and, slipping into the an- 
gles formed by the barbulets, hold 
tliere, and tlius the two contiguoi^ 
beards are firmly locked together. 
la tlie beard of the goose-quill, 
the structure is essentially t]ie ^ 
same, but the barbulets are far 
more numei'ons and more closely 
sot ; they are also proportionally ^^^^^^ ^^^^^ coose-hitill. 
much larger, — both those which 
are hooked and those which are simple. Indeed, tlic 
latter manifest a tendency to the hooked form, and by 
all these peculiai-ities the interlocking power is aug- 
mented. It is interesting to obseiTe the great dilatation 
of tile beard in a direction towards the inferior surface 
of the feather, — towards the stroke, as I just now ob- 
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served. This is to increase the resisting power, iis a 
thin board set edgewise will bear a great weight with- 
out bending or breaking, provided it can be kept from 
yielding laterally. The barbules ai'e arranged only on 
the very edge— Uie upper edge— of the beai'd. 

We will now examine some specimens of scales of 
Fishes, ail of which are very interesting and beautiful 
objects under low powers of the microscope ; though 
higher powers ai-e recLuisite to resolve their stmeture. 
Wc will use both. 

The scales of almost all the Fishes with which we 
are familiar, fall under two kinds, which have been 
named ctenoid (or eomb-like), and oyeloid (or roundish). 
The Perch affords us good examples of the former kind. 
On this slide are three scales from the body of this fish : 
the one on the left side is taken from the back (flg. ») ; 
the middle one from the lateral line (&) ; and the one 
on the right from the belly (e). In order to trnderstand 
these objects we must remember that the scales of fishes 
are horny or bony plates, developed in the substance 
of the proper skin, with a layer of which they are al- 
ways covered. In most cases (as, for example, the 
Perch), the hinder end of each scale projects, cairying 
with it the thin layer of shin with which it is invested ; 
and thus the scales overlay one another, like the tiles of 
a house, or like the feathers of a bird, aud that for a like 
purpose. For as the rain, falling on the bouse-top, has 
a tendency to flow downwards, from gravitation ; and 
as the slope of the roof is in that direction, the current 
passing over each tile is deposited from its bottom edge 
on the middle of the next one, whence it still flows down 
to the free edge of this one, and so in succession. So 
the motion of the bird through the air, and of the fish 



I ..Google 



ro SCALES. 10 

Uiroiigli the water, prodiices tbo very same effect as if 
these fluids were in motion and the animals were still ; 
and therefore the bodies of the latter are, as it were, 
tiled with feathers or scales, the free edges of which, 
looking in the opposite direction to the coming of the 
eun-ent (that is, the same direction as its flow), deposit 
the snecessive particles of the moving fluid in the midst 
of the successive feathers or scales. Thus two results 
ensue, both essential to the comfort of the aTumal ; fii-st, 
the air or water does not run upward between the 
feathers or scales to the skin ; and secondly, the surface 
presents no imjjediment to free motion. This latter 
advantage will be appreciated, if you take hold of a 
dead bird by the legs, and push it rapidly through the 
air tail-foremost: the feathers will instantly rise and 
ruffle up, presenting a powerful resistance to movement 
in that direction. 

These scales of the Perch have their hinder, or free 
edge, set with fine crystalline points, aiTanged in buc- 
3 rows, and overlapping. Their front aide is cut 




with a scolloped pattern, the extremities of undulations 
of the surface that radiate from a common point behind 
the centre, Tliese undulations are separated by narrow 
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furrows, across wliicli, contvaiy to tlie orflinary rule, the 
cloee-set concentiie lines tliat follow the sinuosities of 
the outline are not visible. Under the microscope they 
look as if they had been split in these radiating lines, 
after the whole number of layers had been completed, 
and the fiesuros had then been filled with new trans- 
jjarent suhetance. 

The middle scale is, as I have said, from the lateral 
line. Along each side, in most iishes, may be observed 
a line, known as tlie lateral line, formed by scales of 
peculiar form. They are commonly more bony than 
the otiier scales, and are pierced by a tubular oi'ifice for 
the escape (as is genei'aUy supposed, though this has 
been denied) of a mucous seci'etion, which is poured out 
from glands beneath, and thus flows over the body for 
the double pm'pose of protecting the sldn from the mas- 
cerating influence of the surrounding water, and of di- 
minishing fiiction in swimming. 

Let ns now look at some scales of the cycloid kind. 
The gi'eat majority of our fishes ai-e clothed with such 
as are of tliis description. This dead Grold-fish shall 
give us examples. The three scales in the iipper row 
ai'e from the lateral line, the left-hand one (») taken just 
behind the head, the second (b) neai" the middle of the 
body, and the right-hand one (c) near tlie tail. Of the 
lower row, the first (d) is from the back, the second (e) 
from the middle of the beUy, and tlie last (/) from the 
throat. Thus we see there is considerable variety hi 
foim presented by the scales even of tlie same individ- 
ual fish. They all, however, difler from those of the 
Perch, in this respect ; — that tlieir free overlapping 
edges are entire, or destitute of tlie crystalline points 
which we saw in the fonner examples ; while they agree 
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ill liaTing the front edges, ty whicli they are diirjiig life 
imtedded in. the skin, cut into "waves or sinuosities. 
Tlie lower pai-t, as wo now look at them, is the free por- 
tion of each, which alone is visible in the living fish, the 
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other parts being concealed by the three neighhoming 
scales that overlap it, — above,-in front, and below. 

In those from the lateral line, the tube already re- 
ferred to ia seen to pervade each, nuinhig through it 
longitudmally, so that it opens posteriorly on the outer 
surface, and anteriorly on the inner or under surface of 
the scale. In the scales near the front of the lino, just 
behind the head, the tube is large and prominent («), 
while in the scales at the opposite extremity it becomes 
slender ; diminishing, in the very last scale, viz. at the 
eommcneement of the tail-fin, to a mere groove. 

The whole sm-face of eacli scale, when viewed undei- 
a lens of low iiower, is seen to be covered with concen- 
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trie lines, following the iri'egular einuoaities of the out 
lino, Tiieso lincB are the edges of the enecessive layers 
of which the scale is helieTed to he compoBed, each 
layer being added in the process of growth to the nndcr 
surface, and each heing a little larger every way than 
its pi-edecessor ; thns the scale is a very depressed cone, 
of which the centre is the apex. There is a marked dif- 
ference (indicated in the figures) hetween that part of 
the surface which is exposed, and that which is covered 
by the other scales ; the coneentne marks in the former 
are much coarser and less regular, often being inter- 
rupted, and seeming to run into each other, and fre- 
quently swelling into oval sears. Xhis may, perhaps, 
be owing to the surface having been partially worn 
down by nibbing against the gi-avel of the bottom, or 
against other objects in the water. Besides the concen- 
tiic lines, there are seen on many of the scales, espe- 
cially those of the lateral line, radiating Hnea varying 
in number from one to twenty, or more, diverging from 
the centre towards the circumference, and frequently 
connected by cross lines forming a sort of net-work 
around the centre (see c). "Under the microscope, these 
lines appeal' io be elevated ridges, dividing the concen- 
tric lines ; but of their use I am ignorant. 

What I have just stated is the ordinary explanation 
of these fine concentric lines ; hut a careful examination 
of the structure with much higher powers than we have 
been using, induces me to doubt its correctness. Ke- 
verting to the scales of the Perch, let us notice the clear 
diverging hands, which look as if the whole scale, bad 
been split in several places, and the openings thus made 
filled with uniform clear substance. The same struc- 
ture is seen in many other scales, as in tliie c 
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from tlio Flounder, wliicli, being coarsely lined, bIiows 
the structure well ; or in these from the Green "Wrasse, 
I will now apply to one of those a power of 600 di- 
ametei-s, concentrating the 

light thrown through the . 

scale from the mirror by ' 

the achromatic condenser, 
and examine the scale | 
aEew. You now soo two ' 
distinct layers ; the upper 
one which boars the con- 
centric lines, and a lower ^_„__^ 
clear one which not only gciic of floitsdeb, 
fills the radiating bands, a o ™ b. 
but imderliea the whole of the lined parts. The con- 
centiic lines of the upper layer do not now appear to be 
edges of successive plates, but in-egular canals running 
thi-ough the solid substance. This, however, is illusory : 
for, by delicate focussing, we perceive tlxat each portion 
marked by these lines is really in a different plane from 
the others, that tlio highest is at the centre of radiation 
of the scale, and that each is successively lower till wo 
reach the margin. But now, if with very shai'p scissors 
we cut one of these scales longitudinally through the 
centre, and examine the cut edge, we find that each of 
these lines forms a distinct ridge. On the other hand, 
tlie under layer of clear substance is quite smooth, and 
always a little exceeds the margin of the coneentiically 
lined portion. The clear substance that fills the radiat- 
ing slits agrees both in texture and level witli this lower 
layer, and is manifestly continuous with it. 

Hence, I think that, in these sht scales, the upper 
layer is formed, as commonly believed, by successive 
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deposits from teneath ; Lut that, after a few liave Lceii 
deposited, they hegin to slit, probably by contraction 
in heeoining solid ; that the lower layer is fonned after 
each upper one is hardened, exceeding ita length by a 
httle, and filling up the slit ; that this lower layer be- 
comes the upper layer of the next course, slitting, and 
turning up its terminal edge as it hai'dens ; that then 
the lower layer is deposited on this, filling up the slit 
as before ; and that this process goes on as long aa the 
fish lives. 

It is curious that, in the scales of the Pike, the por- 
tions thus separated by slitting, instead of expanding 
and leaving spaces to be filled up, actually close over 
each other, the divided parts overlapping considerably, 
as you may see in these specimens. The left hand scale 
(a) is frojn the back ; the central one (5), which has only 



a deep narrow incision instead of a tube, is from the 
lateral line ; and the third (e) is from tiio belly of the 
fish. 

Let us retiuTi now to the scales of our Gold-Fisli, 
and examine a highly interesting structure connected 
witlv them. The brilliant golden or silvery reflection 
that constitutes the beaiity of these lovely fishes, de- 
pends not on the scales tliemselvea, but on a soft layer 
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of pigment spread over their inner surface, and seen 
tlirongli their translucent substance. On carefully de- 
taching a scale, we see on the under side, opposite to 
that portion only which was exposed (all the concealed 
parts being colourless), a layer of soft gleaming sub- 
stance, easily separable, eiilier silvery or golden, ac- 
cording to the hue of the fish. If now we remove a 
small portion of this siibstanco with a fine needle, and 
spread it on a plate of thin glass, we shall find, by the 
aid of the microscope, that it consists of two distinct 
substances ; the one giving the colour, the other the 
metallic lustre. With a power of 300 diameters, the 
former is seen to be a layer of loose membranous cells 
of an orange colom', in what ai-e properly called the 
Gold-fishes, and whitish or pellucid in the Silver-fishes. 
If we now add a minute drop of water to the mass, and 
gently agitate it with the point of a needle, and again 
submit it to the microscope, wo shall have a beautiful 
and interesting spectacle. The water around the mass 
is seen to be full of an infinite number of flat spicnla or 
crystals, vaiying mneh in size, but of 
very constant form, a flat oblong prism 
with angular ends (as represented in 
the accompanying engraving). By 
transmitted light they are so transpa- 
rent and filmy as to be only just dis- 
cernible ; but by reflected light, and 
especially under the sun's rays, they 
flash like plates of polished steeL But 
what appeal's most singular, is that 
each spiculum is perpetually vibrating and quivering 
with a motion apparently quite spontaneous, but prob- 
ably to be referred to slight vibrations of the water in 
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n'hicli tliey iloat; and each independently of the rest, 
80 as to convey the impression to the observer that each 
is animated with life, tljongh the scale be taken from a 
fish some days dead. Owing to this irregular motion, 
and consequent change of position, each spiculum, as it 
assumes or leaves the ]'eflecting angle, is momentarily 
brightening or waning, flashing ont or retiring into 
darkness, producing a magie effect on the admiring ob- 
server. To this property, I suppose, is to be attributed 
the beautiful pearly play of light that marks these lovely 
fishes, as distinguished from the light reflected by an 
uniformly polished surface. I have found the pearly 
pigment of the scales to be provided with similar' spic- 
ula in fishes widely difFering in size, structuj'e, and 
habits ; as the Gudgeon and Minnow, the Pike and the 
Marine Bream. The spicula of these fishes agree in 
general form with tihose of the Gold-fish ; and also in 
size, with the exception of trifling variations in the 
compai'ative length and breadtli. The colouring mat- 
ter is lodged in lengthened cylindrical cells, arranged 
side by side, and running across the scale ; that is, in a 
direction at right angles to the lateral line. 
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The microscope is daily "becoming a more aiid more 
important aid to legal investigation. An illustration 
of this oecurred not long ago, in which a murder was 
brought home to the criminal hy means of this itietni- 
ment. Much circmnstantial evidence had been adduced 
against him, among which was the fact, that a knife in 
his possession was smeared with blood, which had dried 
both on the blade and on the handle. The prisoner 
strove to turn aside the force of this circumstance by- 
asserting that ho had cut some raw beef with the knife, 
and had omitted to wipe it. 

The knife was submitted to, an eminent professor of 
microscopy, who immediately discovered the following 
facts : — 1. The stain was certainly blood. 2. It was 
not the blood of a piece of dead flesh, but that of a 
living body ; for it had coagulated where it was found. 
3. It was not the blood of an ox, sheep, or hog. 4. It 
was human blood. Besides these facts, however, other 
important ones were revealed by the same mode of in- 
vestigation. 5. Among the blood were found some 
vegetable fibres. 6. These were proved to be GOtt<n% 
fibres, — agreeing with those of the murdered man's 
shirt and neck-kerchief. Y. There were present also 
numerous tessellated epithelial cells. In order to under- 
Btand the meaning and the bearing of this last fact, I 



I ..Google 



C TDE MICEOSCOrE, 



must explain that the whole of the intemal surface of 
the body is lined with a delicate membrane (a continu- 
ation of the extemal eldn), wbicli diseKarges mucus, 
and is hence termed nmcous membrane. Now this is 
composed of loose cells, which very easily separate, 
called epithelial cells ; they are in fact constantly in 
process of being detaclied (in wMcli state they consti- 
tute the mucus), and of being replaced from the tissues 
beneath. Now microscopial anatomists have learned 
that these epithelial scales or cells, which are so minute 
as to be undiseemible by the unaided eye, differ in ap- 
pearance and ari'angement in different parte of the 
body. Tlius, those which line the gullet and the lower 
part of the throat are tesselated, or resemble the stones 
of a pavement ; those that cover the root of the tongue 
are arranged in cylinders or tall cones, and are known 
as Gol/mmhar ; while those that line some of the viscera 
of the abdomen carry little waving hairs {ctUa) at their 
tips, and are known as ciliated epithehum. 

The residt of the invratigation left no doubt remain- 
ing that with that knife the throat of a Mving hu/man 
being, which throat had been protected by some coUon 
fabric, had been cut. IThe accumulation of evidence 
was fatal to the prisoner, who without the microscopic 
testimony might have escaped. 

But what was there in the dried brown stain that 
determined it to be blood? And, particularly, how 
was it proved not to be the blood of an ox, as the pris- 
oner averred % To these points we will now give a 
moment's attention. 

With tills finfl needle I make a minute prick through 
the skin of my hand. A drop of blood oozes out, with 
which I smear this slip of glass. The slip is now on 
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the stage of the instnunent, with a power of 600 diam- 
eters. Yon see an infinite number of small roundish 
bodies, of a clear yellowish colonr, floating in a colour- 
less fluid, but so nnmerous, that it is only here and 
there, as near the edges of the smear, that yon can 
detect any interral in their continuity. 

These bodies are what we frequently call the blood- 
globules, or, more correctly, hlood-dishs ; since their 
form is not globular, but thin and flat, like a piece of 
money. The sligbtness of their colour- is dependent on 
their extreme tenuity ; when a larger number lie over 
each oUier the aggregated colonr is very manifest, as it 
then becomes either a full dark red, oi- bright rich scar- 
let ; for to these disks blood is entirely indebted for its 
well-known hue. All vertebrate blood is composed 
principally of these bodies, which, when once seen, are 
easily recognised again : the microscope then readily 
determines whether any given red fluid or dried stain 
is composed of blood. 

The dislis in the blood of Mammalia are circular, or 
nearly so, and slightly concave on both of the surfaces. 
On the other hand, in Bu'da, Fishes, and Eeptiles theii- 
form is elliptical, and the surfaces are flat, or slightly 
convex. This distinction, then, will at once enable ub 
to determine Mammalian blood.* Eut to determine 
the various ti-ibes of this gi-eat class among themselves, 
we must have recourse to another criterion, — that of 
dimensions. 

The blood-disks of Man nearly agree in size with 
those of the Monkey tribe, of the Seals and Whales, of 

* Ths Cimiela among Mammalia, and the Lampreys among Fishes, are 
esceptions to the above rule ; the former having elliptical anil ooiiveK 
i, and the latter circular, and aligbtly concave. 
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tlie Elephant, and of the Kangai'oo. Most otlier quad- 
rupeds have them smaller than in Itlan ; tlie smallest 
of all being foTind in the ruminating animals. The 
little Musk-deer of Java has disks not more than one- 
foui'th as large as the human, btit these are remarkably 
minute ; no other kno^vn animal approaches it in this 
respect : those of the Ox are about three-fourths, and 
those of the Sheep little more than half the human 
average. 

Tables have been made out showing the compara- 
tive size of these corpuscles in various animals, and 
such tables are veiy useful ; but we must bear in mind 
that the average dimensions only are to be looked for ; 
since in any given quantity of blood, under examina^ 
tion, w^e shall not fail to see that some disks exceed, 
while others come short of, the dimensions of the ma- 
jority. 

Generally speaking, the blood-diske in Birds and in 
Fishes ai'e about equal in size : their fonn is, however, 
that of a more elongated ellipse in Birds than in Fishes, 
They may be set down as averaging in breadth the 
diameter of the human disks, while their length is 
about half as mnch again, or a little more, in most 
Birds. 

It is in EeptHes that we meet with the lai'gest disks, 
and especially in those naked-skinned species, the Frogs 
and Newts. A large species inhabiting the American 
lakes — Siren laoeHina — ^has disks of the extraoi'dinaiy 
size of l-400th of an inch long by l-800th broad, or 
about eight times as large as those of Man. Our com- 
mon Ifewts afford us the largest examples among Brit- 
ish animals, but they do not reach above half the size 
just mentioned. 
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Taking this drop of blood from my finger as a 
standard of comparison, we fiud, on applying tlie mi- 
crometer, that the diska nm from l-2500th to l-5000th 
of an inch ; bnt that tlie great majority are about 
l-3300th in diameter/ On these slides ai'e samples of 
otlier kinds, Tliis is the blood of a Fish, — the common 
Blenny or Shanny {Blewims pItoUs). Here we see 
at once tlie oval fonn of the dislts ; their average is 
l-2800tli by l-3300th of an inch. Here is the blood of a 
Jrog {Bona t&ni^oraTia) ; these m'e more than twice 
the size of the fish's ; for tliey average l-1250tli by 
l-1800th of an inch. And, finally, I can show you a 
drop of blood from this Smooth-newt {Lissotriton pwic- 
tatiis). The large size of the disks is now conspicuous, 
and so indeed is the elegance of their form : in this 
case, as in the last, we see in each disk a distinct round- 
ish nucleus. These run from l-700th to l-950th in 
length, by 1-llOOth to l-1600th in breadth ; but the 
average arc about l-800th by l-1300th of an inch. 




It may intei-est you to see these blood-dislfs in their 
proper situation, and to observe the motion wliich 
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tliey possess during the life of their owners. It is, 
indeed, one of the most instructive modes of nsing this 
wonder-working instrument to look through it at liv- 
ing structures, and watch the different processes of life 
as they are canned on under our eyeo. Nor is this at 
all difficult to accomplish ; for a large number of 
animale axe so small that we can easily put them upon 
the stage of the microscope, and withal so transparent 
that their integuments and vaaious tissues oiFer little 
or no impediment to our discerning the fonas and 
movements of the contained viscera. And in cases 
where the entire animal is too large to he viewed mi- 
croscopically as a whole, it sometimes happens that, by 
a little contrivance, we can so secure the creature as 
to look, without interruption, on certain parts of the 
body which afford the requisite minuteness and trans- 
parency. 

I have here a living Frog, You perceive that tlie 
web which connects the toes is exceedingly thin and 
translucent, yet arteries and veins meander through its 
delicate tissues, which are then clothed on both surfaces 
with the common skin. But yon ask how we can in- 
duce the Frog to he so polite as to hold his paw up and 
keep it steady for our scientific investigation. "We will 
manage that without difficulty. 

Most microscopes are furnished (among their acc^- 
aoiy appai-atus) with what is called a frog-plate, pro- 
vided for this very demonstration. Here is mine. It 
is a thin plate of brass, two inches and a half broad and 
seven long, with a number of small holes pierced 
through it along the margins, and a lai'ge orifice near 
one end, which is covered with a plate of glass. This 
is to be Froggy'a bed during the operation, for we 
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must make him as eomforta'ble as circumstances will 
admit. 

Well, then, we take this atrip of linen, damp it, 
and proceed to wrap np onr unconscioua subject. 
When we have passed two or three folds romid him, we 
pass a tape round the whole, with just sufficient tights 
n^s to keep him from struggling. One hind-leg must 
project from the linen, and we now pass a needle of 
thread twice or thrice thi'ough the drapery and round 
the small of this free leg, so as to prevent him from re- 
tracing it. 

Here then he lies, swathed like a mummy, with one 
little cold foot protruded. Lay him carefully on the 
brass plate, so that the webbed toea shall stretch acrass 
the glass. Now, then, we pass another tape through 
the marginal holes, and over the body, to bind it to the 
brass ; of course taking care not to cut the animal, but 
only using jnst as much force as is needful to prevent 
his wrigglinga, IJ"ow a bit of thread round each toe, 
with which we tie it to as many of the holes, so as 
to expand the web across the glass. A drop of cold 
water now upon the swatlies to keep him cool, and 
a touch of the same with a feather upon the toea 
to prevent them from drying (which must be re- 
peated at intervala duiitig the examination), — and he is 
ready. 

What a atriking spectacle is now presented to us, 
as with a power of 3000 diameters we gaze on the web 
of the foot ! There is an area of clear colourless tissue 
filling the field, marked all over with deHcate angular 
lines, something like scales ; this is the tessellated epi- 
thelium of the sm-face. Our attention is caught by a 
number of black spots, often taking fantaatic forms, but 
2* 
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generally somewliat star-like : these are pigment cells, on 
which the color of the animal's skin is dependent. But 
the most prominent feature is the tlood, Wide rivers, 
witli tortuous course, roll across the area, -with many 
smaller streams meandering among them ; some pursu- 
ing an, independent course below the larger, and others 
branching out of them, or joining them at different 
angles. The larger rivers are of a deep orange-red hue, the 
smaller faintly tinged with reddish-yellow. In some of 
these channels the stream rolls with a majestic evenness ; 
in others it shoots along with headlong impetuosity ; and 
In some it is almost, or even quite, stagnant. By look- 
ing with a steady gaze, we see that in all esses the 
stream is made up of a mnltitnde of thin reddish disks, 
of exactly the same dimensions and appeai'anee as those 
we saw just now in the Frog's hlood ; only that here, 
being in motion, we see very distinctly, as they are 
railed over each other, that they are disks, and not 
spherules ; for tliey forcibly remind us of coimters, 
such as are used for play, supposing .they were made 
out of pale red glass. 

It is cliarmiiig to watch one of these sti-eams, select- 
ing one of medimn size, where the density is not too 
great to see the individual disks, and fixing our eye on 
tlie point where a branch issues from one side of the 
channel, mark the disks shoot by one after another, 
some pursuing their main course, and othera turning 
aside into the branch, perhaps so small as to allow of 
only a single disk to pass at once. 

The streams do not pursue the same uniform direc- 
tion. The larger ones do indeed ; and their couree is 
from the exU'emity of the toes towai'ds tlie body ; these 
are the veins ; but the smaller sti'eamletB flow in any 
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direction, and frecLuently send out bide Lnnclies, which 
presently retuni into the sticam fioni which they is- 
sued, or unite with otheis m a very iiregulai netwoik 
These arc the capilhiies, i^hich feed the reins, and 
which ai-e themsoli cs 
fed by the arteriet,, 
whose course is in thi^ 
opposite direction, viz , 
from the body, The^e, 
however, are with di& 
culty seen ; they aie 
more deeply seated in ! 
the tissnes, and are less ; 
spread over the we 
being generally placed I 
along the bordei-a of the ' 
toes; tliey are, moie- 
over, fewer and smallei 
tlian the veins ; but the 
blood in them uBually 
flows with more impetuous rapidity. 

The variations in the impetus of the current which 
we observe in the same vessel are probably owing to 
the mental emotions of the animal ; alarm at its un- 
usual position, and at the confinement which it feels 
when it endeavours to move, may suspend the action of 
the heart, and thus cause an intemiption in tlie flow ; 
or analogous emotions may quicken the pulse, "We 
will, however, now release our little prisoner, who, 
tiiough glad, to be at liberty, is, as you see, none tJic 
worse for liis temporaiy imprisonment. 

Let us now look at the circulation of the blood in 
one of the Invertebrate Animals. In this thin glass cell 
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of sea-water is a small fragment of eea-weed, and at- 
taclied to one of ite slender filamente you may see tliree 
or four tiny Itnobs of jelly, clustered together like a 
bunch of gi'apes. These are animals ; each endowed 
with a distinct life, but associated together by a com- 
mon stalk, which maintains the mutual vital connexion 
of the whole. It is one of the Social Tunicata, and is 
named P&rophora lAsteri. 

Thoiagh each globose laiob ia no larger than a small 
pin's head, it is full of organs which carry on the 
various functions of life ; and, because the whole tia- 
sues are as transparent as crystal, they allow us to 
watch the processes with perfect ease. Take a peep at it. 
It is a gelatinous sac, of a form intermediate be- 
tween globular and 
cubical flattened on 
two oppo^ te sides, 
V th a so t ot wart 
at the B t and 

anotl er it tl e side, 
eacl of 1 1 is 
peel 1 1 pui-s- 
ed o fice T! e up- 
pe of t! eso or fices 
admits water for re- 
spiration and food ; 
the latter passes 
through a digestive 
system, and' is dis- 
charged thrOTigh the 
side orifice. The digestive organs lie on tliat flattened 
side, which is farthest from your eye, and are therefore 
dimly seen. 
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The globose body is inclosed in a coating of loose 
sliapelesa jelly, that paeses off from one of the lower 
corners, and forms a short foot-stalk, which nnites with 
similar foot-stalks from the sister-globules, and all to- 
gether are attached to the sea-weed. Each foot-stalk 
has an organic pore, into which a vessel passes upon 
tlie body. 

Tour attention is firet arrested by the breathing sac, 
with its rows of oblong cells all in wheel-like motion. 
It is indeed a wonderful object; but for the present 
neglect this, as we will retura to it presently, and direct 
your consideration to the course of the blood. 

It is true the fluid which I so name is not red, like 
that of tte Frog which you have just been gazing at, 
nor does it eaiTy disks of the same elegantly regular 
form. But yon have the advantage bere of ti'acing, at 
one view, the whole course of the eii'culation, from its 
first rush out of the heart to its return into that organ 
again. 

At the bottom of the interior, below the breathing 
sac, there is an oblong cavity, through -whose centre 
there runs a long transparent vessel, formed of a deli- 
cate membrane, the appeai'ance of^ which resembles that 
of a long bag, pointed (but not closed) at either' end, 
and then twisted in some unintelligible manner so as to 
make three turns. This is the heart ; and within it 
are seen many minute colourless globules, floating 
freely in a subtile fluid : this is the nutrient juice of 
the body, which we may, without much violence, des- 
ignate the blood. Now see the circulation of this 
fluid. The membranous bag gives a spasmodic con- 
traction at one end, and drives forward the globules 
contained there ; the contraction in an instant passes on- 
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ward along the three twists of the heart (the pai-t be- 
hind expanding immediately as the action passes on), 
and the globiiles are forcibly expelled through the nar- 
row but open extremities. Meanwhile, globules from 
aroixnd the other end have rushed in aa soon as that 
part resumed its iisnal width, which in turn are driven 
forward by a periodic repetition of the systole and 
diastole. 

The globiiles, thus periodically driven forth from the 
heai't, now let us watch and see what becomes of them. 
They do not appear to pass into any defined system of 
vessels that we may call arteries, but to find their way 
through the interstices of the various organs in the gen- 
eral cavity of the body. 

The greater number of globules pa^ immediately 
from the heart through a vessel into the short foot- 
stalk, where they aeenmnlate in a large reservoir ; but 
the rest pass up along the side of the body, which 
(in the aspect in which we are looking at it) is the 
right. As they proceed (by jerks, of course, impelled 
by the contractions of the heai't), some find their 
way into the space between the breathing surfaces, 
through narrow slits along the edges of the sac, aud 
wind along between the oval eihary wheels, which 
we will presently consider. Besides these, however, 
other globules wind along between the onter sui'- 
faces of the sac and the inner surface of the body- 
walls. 

But to return to the euiTent which passes up the 
right side : arriving at the upper angle of the body, tlic 
stream turns off to the left abruptly, principally passing 
along a fold or groove in the exterior of the I 
sac until it reaeh^ the left side, down which it p 
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siiid along the bottom, until it an-ives at the entrance 
of the heart, and rushes in to fill the vacuum produced 
by the expansion of its walls after the periodic con- 
traction. This is the perfect circle ; but the minor 
streams, that had forted off sideways in the course, as 
those within tlie sac for example, find their way to the 
entrance of the heart by shorter and more irregular 



One or two things connected with this circulatory 
system are worthy of special notice. The first is, that 
its direction is not constant but reversible. After we 
have watched this course followed with regularity for 
perhaps a hundred pulsations or so, all of a sudden the 
heart ceases to beat, and all the globules rest in their 
circling course, that we had snpposed incessant. Strange 
to behold, after a pause of two or three seconds, the 
pulsation begins again, but at the opposite end of the 
heart, and proceeds with perfect regnlarity, just as be- 
fore, but in the opposite direction. The globules, of 
com'se, obey the new impulse, enter at their former 
exit, and pass out at their former entrance, and per- 
form their circulation in every respect the same as be- 
fore, but in the reverse direction. 

Those globules that pass through the vessel into the 
foot-staUr appear to accumulate there as in a reservoir, 
until the course is changed, when they crowd into the 
heart again and perform their gi-and tour. Tet there 
is a measure of circulation here; for even in the con- 
necting vessel one stream ascends from the reservoir 
into the body as the other (and principal one) descends 
into it from the heart ; and so, vice versd. 

I have spoken of these motions as being performed 
with regularity ; but, if you look closely, you will see 
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that tliis must be understood with eome qualification. 
The pulsations are not quite unifonn, being Bometimes 
more languid, sometimes more vigorous ; perhaps forty 
beats in a minute may be tlie average ; but I have 
counted sixty, and presently after thirty ; I have 
counted twenty beats in one-half minute, and only fif- 
teen in the next. The period during "which one course 
continues is equally imcertain ; but about two minutes 
may be the usual time. Sometimes the pulsation in- 
termits for a second or so, and then goes on in the same 
direction ; and sometimes there is a curious variation 
in the heart's action — a faint and then a strong beat, a 
faint and a strong one, and so alternately for some 
time. 

The phenomena of respiration are so closely con- 
nected with those of circulation that it is not at all ynal- 
a^Topos to turn from the latter to the foimer ; not to 
say that it would be high treason against scientific cu- 
riosity if I wei'e to remove this object without explain- 
ing to you that marvellous play of wheels that occupies 
tlie largest part of Uie area that you behold. As you 
look on the globe, you observe, hanging down fi-om the 
upper extremity, and reaching nearly to the bottom in 
one direction and almost from side to side in another, 
a transparent sqnai'e veil, which is indeed a flat mem- 
branous bag, having its sides pretty close together, with 
small openings along its edges, and an orifice at the 
bottom leading into the stomach. 

The mouth of this sac is in close connection wil3i 
the upper or principal orifice, and therefore receives the 
■water, which is constantly flowing in, while that aper- 
ture is expanded. This flnid then bathes the whole in- 
terior of the sac, but a portion of it escapes by the 
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lateral openings into the cavity of the body, between 
the sac and the mantle, and ie discharged through the 
secondary, or side orifice, 

The inner surface of this transparent aae is studded 
with rings of a long oval figure, set side by side in four 
rows. These rings appear to consist of a slight elera- 
tion of the general membranous surface so as to make 
little shallow cells, the whole edges of which are fringed 
with cilia, whose movements make waves, that follow 
each other round the course in regular succession. In 
truth it is a beautiful sight to see forty or more of these 
oblong rin^, all set rcrand then' interior with what look 
like the cogs on a watch-wheel, dark and distinct, mn- 
ning round and roimd with an even, moderately rapid, 
ceaseless motion. These black running figures, so like 
cogs and so well defined as they are, are merely an op- 
tical delusion ; tliey do not represent the cilia, but 
merely the waves which the cilia make ; the cilia them- 
selves are extremely slender close-set hairs, as may be 
seen at the ends of the ovals, where a slight alteration 
of position prevents the waves from taking the tooth- 
like appearance. Sometimes one here and there of the 
ovals cease to play, while the rest continue ; and, now 
and then, the whole are suddenly arrested simultane- 
ously as if by magic, and presently all start together 
again, which has a most charming effect. A still more 
singular circumstance is, that while in general the cili- 
ary wave runs in the same direction in the different 
ovals, there will be one here and there in wliich the 
course is reversed ; and I think that the animal has the 
power of choosing the direction of the waves, of setting 
them going and of stopping them, individually as well 
as collectively. 
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The object of these ciliary wheels is to keep up a 
constant current in the water. This fluid, as I have 
said, enters from without, through the upper orifice of 
the body, and is hurled over the whole surface of the 
breathing-sac by means of the ciliary -waves, parting 
with its oxygen, as it goes, to the blood, which streams, 
as we saw, everywhere between the rows of wheels. 
But the water has another function : it carries particles 
of organic matter with it, which are suitable for the 
nourialiment of the creature ; these atoms are carried 
by the currents with the effete water to the bottom of 
the sac, and are poured into the stomach, where they 
are digested ; the innutritive remains, togethei' with 
the waste water, bemg discbai'ged through the lateral 
oiifice. 

Thus we see how closely connected are the three 
cardinal processes of circulation, respiration, and di- 
gestion. 
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Ojsb of the most interestiiig aspects of microscopic 
stndy is that in whici. it reveals tie intimate stmctiire 
of objects, which to the unassiBted eye appear simple 
or nearly eo, Imt ■which prove, by the aid of magnifying 
power, to be complex. Thus we are often introduced to 
very curious conirwaTioes (if I may use such a word in 
reference to the works of God), by which difficulties are 
OTereome, and substances, which would seem, at first, 
wholly unfit for certain duties, are in the most admira- 
ble manner adapted to fulfil them. 

He combination of strength and lightness is always 
a difficult problem in human art ; its succeEsful solution 
always excites our admiration. In the Divine mechan- 
ics, too, it is very often required, and the variety of 
modes in which it is accomplished are, in the highest 
degree, novel and suggestive. We lately saw one of 
these in the structure of a feather, in the contrivance 
by which extreme lightness of material was made, by 
a most remarkable arrangement, to offer a firm resis- 
tance to opposing force. I have now another example 
to show you, in which a material, in itself heavy, is by 
its arrangement made very light, while it preserves its 
aggregate sti'ength. 

You have seen many times, when waltdng along the 
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yellow sands kissed by the rippling waves, the shell, oi" 
bone as it is sometimes called, of the Cuttle-fiBh. You 
know tha,t it consists of a shallow boat-shaped shell, 
the hollow of which is filled with a white substance, 
wMch can be scraped away even with the finger-nail, 
and which is sometimes use as ^owice, to rub on paper 
from which wiiting has been erased. It is this sub- 
stance of which I mean now to speak. 

The possessor of this etnicture is a member of tlie 
numerous class Mollusoa, which are genernlly charac- 
terised by being inclosed in shells. !Now shell, as we 
all know, is a solid, stony substance, much heavier than 
water ; take into your hand that large Cassis on the 
mantel-piece, and observe its great weight and com- 
pactness. It is, in fact, real limestone ; differing from 
that of the rocks only iu this, that it has been depos- 
ited by the living organic cells of an animal, and ar- 
ranged in a definite form. We will presently examine 
other examples. The " cuttle-bone " is a shell, not in- 
deed inclosing the animal, but inclosed by it ; being 
contained within a cavity in the substance of the fleshy 
mantle ; cut open the mantle, and the shell instantly 
drops out. 

The Cuttle is a rapid swimmer through the open 
sea. A shell so large as this, .if solid and compact like 
that of the Cassis, would condemn it to grovel on the 
bottom, and frusti'ate all the instincts of its nature. On 
the other hand, it needs the strength and support of a 
solid column. "Wonderful to tell, the ealeareons shell 
is made not only to be no hindrance to ite swimming, 
but to contribute greatly to its buoyancy : it is what 
the string of corks is to the bather who cannot swim — 
it is a flo<d. Throw this entu'e cuttle-shell into water ; 
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it floats on the surface as buoyantly as if it were acUi- 
ally carved out of cork. 

I cut with a keen knife a, little cube out of tlio 
" pounce," and, fixing it ou the end of the revolving 
stage-needle apply a low power, sav TO diameters, usioff 
leflected light "VV e ■uo looking now at the peipt-ndu 
uhr fcection 13 it not g 
a beautiful object' joul 
might fanej >oiibelt T 
looking it cne ]f the | 
nol le icebeigs thit i ■ 
je&ticalh navjgite the | 
polar seas wlcn ifc is i 
rendeied lorous and | 
Hminited by the i£ 

ot spimg lou se^ « „ „-,---;*,..- 
number of thin horizon- 
tal tiers or stages, perfectly parallel aud eqni-distant, 
about one-fortieth of an inch apart, rising above each 
other like the floors of an edifice. These are connected 
together by an infinite multitude of thin pillars of crys- 
tal, or rather leaves, some of which sliow their edges 
towards us, otliei-a their broader sides, and others are 
broken off at various distances, the fragments standing 
up from the floor, or depending from the roof, like 
stalactites and stalagmites in a cavern. 

This whole series of crystal floors and supporting 
plates is foi'med of calcareous matter, — limestone, in 
short ; but though the latter are set in such close array 
that tlie eye cannot penetrate to any appreciable dis- 
tance between them, their extreme thinness renders the 
whole Btrncture veiy light, the interstices being oc- 
cupied by air. 
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But now if I give the stage-needle half a revolution, 
we shall have the horizontal section presented to the 
eye. In this aspect we acquire much more information 
as to the structui'e. The cut has heen made very 
close to one of the horizontal floors, wliieh we see 
marked all over with a great number of lines, each of 
which runs hither and thither, in a very sinuous pat- 
tern. The lines are made up of a brilliant spark- 
ling substance ; they are m fact the basal portions of 
what we saw in the other section as thin perpendic- 
ular plates ; I have cut off the plates close to the 
bottom, and what \vc see is their insertion into the 
. floor. 

Thus we perceive that what we took for a multi- 
tade of plates, were but the various doublings and in- 
foldings of a single plate of great length, running quite 
across the floor ; an aiTangement by which the strength 
of the material is greatly augmented. Tou have often 
seen the mode m which light walls are made of cor- 
rugated iron, especially at railway stations, and are 
doubtless awai'e that tlie corrugation, or bending in 
and out, imparts a strength to it which the mere sheet- 
iron, if set up as a smooth, plane surface, would in no 
wise possess. The principle is exactly the same in the 
two eases ; but the cormgation of tlie limestone plates 
in the cuttle-shell is far more perfect than that of 
the iron ; added to which there is the other advantage, 
that the aggregate mass of material is made highly 
buoyant by the large biilk of empty space that in- 
tervenes between the sinuous folds of the crystal 
plates. 

It may be interesting to compare with this the 
sti'ucture of the more solid shells of bivalves, which 
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}iave been so elaborately studied by Dr. Carpenter. In 
general, these consist of two very distinct layei'S, "well 
Been in the valve of the Pearl Oyster, and ita allies. 
The Pinna, or Wing-shell, the lai'gest of our native 
bivalves, affords us a good example, especially of the 
external layer, since here this layer projects beyond the 
inner one, in thin transparent edges, which give us 
an opportunity of examining their structure, "without 
any artificial preparation. This fragment, taken from 
the edge of one of those leafy expansions, we will 
examine with a low magnifying power. Each of its 
surfaces has a sort of faceted, or honeycombed ap- 
pearance, and the broken edges, "which even to the 
naked eye appear fibrous, are seen to resemble a num- 
ber of basaltic columns. " The shell is thus seen to 
be composed of a vast number of prisms, having a toler- 
ably imiform size, and usually presenting an ap- 
proach to the hexagonal shape. These are ari'anged 
perpendicularly, or neai'ly so, to the surface of the 
lamina of the shell ; so that its tbiclmess is formed by 
their length, and its two surfaces by their exti'emi- 
ties." * 

The inner layer of such shells is remarkable for pos- 
sesstog in different degrees the property of reflecting 
rainbow-like colours, often with great delicacy and 
splendour ; and tliis is termed nacre, or famiUai'Iy 
" mother-of-pearl." This iridescent lustre depends, as 
Sir David Brewster has Bhown,-|- upon a multitude of 
grooves, or fine lines, which run in a very waved pat- 
tern, but nearly parallel to each other, across the sur- 
face of the nacre. " As these lines ai'e not obliterated 

* Carpenter. The Microscope, p. 690, \ Phil, Trans. 1814, 
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by any amount of jjolisliing, it is obvious tliat their 
presence depends iipon something peculiar in the tex- 
tiu-e of this substance, and not upon any mere super- 
ficial arrangement. "Wlien a piece of nacre is carefully 
examined, it becomes evident that tlie lines are pro- 
duced by the cropping out of laminee of shell, situated 
more or less obliquely to the plane of the surface. The 
greater the dip of these laminse, the closer will their 




edges be ; whilst the less the angle wbicli they make 
■with the surface, the wider will be the interval between 
the lines. When the section passes for any distance in 
the plane of a lamina, no lines will present themselves 
on that space. And tlius the appeai'ance of a section 
of nacre is such as to have been aptly compared by Sir 
J. Hersehel to tlie surface of a smoothed deal board, in 
which the woody layers are cut perpendicularly to their 
surface in one part, and nearly in theii' plane in an- 
other. Sir D. Brewster appears to suppose that nacre 
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eoneists of a multitude of layers of carbonate of lime, 
alternating witli animal membrane, and that the pres- 
ence of the grooved lines on the mo&t highly polished 
surface, is due to the wearing away of the edges of the 
animal lamina3, whilst those of the hard calcareous 

laminte stand out There is one shell, however, 

the well-known SalioUs splendeiis, which aifords us the 
opportunity of examining the plaits without any dis- 
turbance of the arrangenaent, and thus presents a clear 
demonstration of the real structure of nacre. Thk shell 
is for the most part made up of a series of plates of 
animal matter, resembling tortoise-shell in its aspect, 
alternating with tliin layers of nacre ; and if a piece of 
it be suhmitted to the action of dilute acid, the calcai'e- 
ous portion of the nacreous layers being dissolved away, 
the plates of animal matter fall apai't, each one carry- 
ing with it the membranous residuum of the layer of 
nacre that was applied to its inner surface. It will be 
foand that the nacre-membrane covering some of these 
homy plates, ivill remain in an undisturbed condition ; 
and their surfaces then exhibit their iridescent lustre, 
although all the calcareous matter has been removed 
from their structure. On looking at the surface with 
reflected light under a magnifying power of seventy- 
five diameters, it is seen to present a series of folds or 
plaits, more or less regular ; and the mdescent hues 
which these exhibit, are often of the most gorgeous do- 
sciiption. If the membrane be extended, however, 
with a pair of needles, these plaits are unfolded, and it 
covers a much larger surface than before ; but its irides- 
cence is then completely desti-oyed. This experiment, 
then, demonstrates that the peculiar lineation of the 
surface of nacre (on which its iridescence undoubtedly 
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depends, as oi-iginally shown by Sir D. Bi'CWBter) is 
due, not to the ontcropping of alternate layers of mem- 
branous and calcareous matter, but to the disposition 
of a single membranous layer in folds or plaits, which 
lie more or less obliquely to the general surface." * 

Those beautiful objects, — so m.uch prized for per- 
sonal adornment, — ^pearls, are concretions accidentally 
formed -within the shells of such mollusfes, and are 
wholly composed of the inner layer. Drs. Kelaart 
and Mohius have recently published some highly inter- 
esting observations on the causes both of the irides- 
cence and of the pearly lustre ; and these I wiU cite 
from the abstract translation of them made by Mr. 
Dallas. 

" The surface of pearls is not perfectly smooth, but 
covered with very fine microscopie elevations and de- 
pressions. These are more or less iiTegular in their al- 
titude, but approach most nearly to equality in pearls 
of the finest water. In pearls which exhibit a certain 
u-ideseoncej and which, when turned in different direc- 
tions towards the eye, present even very faint bluish, 
greenish, and reddish tints, the surface is found to 
present delicate irregular curved furrows, which either 
run tolerably parallel to each other, or form small ir- 
regular closed curves. Tliis is due to the mode of 
growth of the pearl, in whicli thin layers of nacre, of 
small dimensions, have been laid over each other. 
There is no continuous layer over the pearl, but a num- 
ber of small portions which sometimes overlie the mar- 
gins of the subjacent layers, and sometimes leave them 
uncovered. This structure is seen most distinctly in 
the pearl shell, where the conditions are rendered more 
■» Carpenter. The Microscope, p. 594. 
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simple by tlio layers being deposited on a Hat, or but 
eliglitly curved, surface. The distance of tlie furrows 
from each other is not always the same ; sometimes 
they may be recognised with the simple lens, whilst on 
other parts tliey approach within j^Virti' of ^ii incli of 
each other. That tlie irideecenee of nacre, or the na- 
creous colour, as distinguished from pearly lustre, is 
caused by the interference of the light reflected from 
these fun'owB and the intervening edges of the strata, 
is proved by the circumstance, ascertained by Brewster, 
that impressions of mother-of-pearl taken in red or 
blact sealing-wax exhibit the same phenomena of col- 
our distinctly. Li pearls, in consequence of their spher- 
ical form, the different masses of coloured light are so 
diffused that they nnite to form white light ; and tliis 
taJces place with the gi'eater perfection in proportion 
as the furrows are lost, and become converted into a 
surface of fine elevations and depressions. 

" For their lustre, pearls are indebted to their being 
composed of tine layers, whicla allow light to pass 
tlirough them, whilst the numerous layers lying one 
under the other, disperse and reflect the light in such a 
manner that it returns and mixes with that which is 
directly tlirown back from the outer surface. It is the 
co-operation of light reflected from the surface, with 
light dispersed and reflected in the interior, that gives 
rise to lustre ; for this reason the knots of window-glass 
exhibit pearly lustre, and the membranes of pearls de- 
prived of tlieir lime are almost as lustrous as solid 
pearls, except that their whiteness is destroyed. ' The 
two masses of light entering the eye act upon it from 
different distances. Now, as it adajsta itself to the 
body seen through the transparent layer, it cannot dis- 
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tinctly soe tlic light reflected from tlie surface, and 
the consciousness of this iniinitely perceptihle reflection 
produces the phenomena of lustre.'* The thinner 
and the more transparent the layers of which the pearl 
consists, the more heautiful ia its lustre ; and in. this 
respect the searpearls excel those of our river-mol- 
lusks." t 

"We wiU pass now, hy an easy tlransition, from the 
akells of the Mollusca to their toriffues. "Who that looks 
at the weather-worn cone of the Limpet, as he adheres 
filnggishiy to the rock between tide-lcTels, would sus- 
pect that he carries coiled up in his throat a tongue 
twice as long as his shell ? And that this tongue is 
armed with thousands of crystal teeth, all aiTanged 
with the most consummate art in a pattei-n of perfect 
regularity ? It sounds almost like a fable to be told 
that the great Spotted Slug, which we sometimes find 
crawling in damp cellars, carries a tongue armed with 
26,800 teeth ! Yet there is no doubt of tlie fact. 

Tou sec on this slip of glass a very slender band 
about two inches in length. This is the tongue of the 
common Peiiwinkle. While in the living animal, its 
fore-part occupied the floor of the mouth, whence it 
passed down below the throat, and turning towards 
the right side, formed a close spire of many whorls, 
exactly lilte a coil of rope, which rested on the gullet. 
Hero we have it exfa'acted, uncoiled, cleansed, and 
affixed to a sHp of glass for microscopical examination. 

Only a small portion of the ribbon is visible at a 

time with such a power as is necessary to display the 

stnicture, but by means of the stage-movement we can 

bring the whole in succession under the eye, and dis- 

« Dovo, Fnxbenlehre, IIT. f -*'™- * ^^^S' *f> H- ; "^^^^ l^BS- 
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r that, wiih some modifications of form, the same 
1 plan of etmeture, and even, the same elements, 
exist throngliout. Concentrating our attention on a 
single transvei'se series of the numerous curved lines 
that at first sight bewildei' the mind, we perceive by 
delicate focussing, tliat the object before us consists of a 
number of hooks projecting from the surface of the 
translucent ribbon, and arching downwai'd. In this 
case a single row consists of seven sucli hooked plates 
or teeth ; one in the centre and three on each side. 
Eacb hooked plate has its arching tip cut into five 
toothlets, of which the central one is the largest ; and 
its base is united with the cartilaginous substance of the 
ribbon. Only the middle plate is symmetrical ; the 
lateral ones bend inwards towards the central one, and 
ai'e symmetrical only when considered in paire, each as- 
sociated with its opposite. The plates are perfectly 
transparent, but of a yellow homy colour ; they are 
very hard, and as they are not dissolved by acids, it has 
been supposed that their substance is siliceous (having 
the nature of flint) ; but they are more probably chi- 
tinous, or formed of the substance of which the hai'd 
parts of insects are composed. The tongue before ua 
has 600 rows such as these, each, as we see, closely fol- 
lowing, and indeed overlapping, its predecessor ; so that 
we can never look at a single row without at the same 
time seeing others which it overlaps, or by which it is 
overlapped. 

The specimen which I will now show you is broader, 
but shorter. It is the tongue of Troehus sisiphinus, 
a large and handsome shell of regularly conical form, 
not uncommon on our rocky shores. It is perhaps 
a more interesting study than that of the Periwinkle. 
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There are here, yoii observe, three constituent elements 
in the pattern. Pii-st, a delicate glassy central tooth, 
tapering to a fine point, and cut into minute saw-teeth 
along each edge. Then a aeries, of five on each side, of 
similar glassy pointed leaves, bending inward ; and 
outside these, on either hand, are a gi'eat nnmbia: of 
Btoufc dark-coloured hooks, arching forward and inward, 
each notched with saw-teeth, and diminishing in thick- 
ness as they recede from the centre. 

The manner of using this elaborate organ is no less 
curious thin is its structure Durmg life it is only 
the front portion — not moie than (ne-thud — of the 




ribbon that is in use ; this is spread out on the floor 
of the mouth, with tlie teeth projecting and hooking 
backwards. The remainder has its edges rolled over 
towards each other, forming a tube closed at its extrem- 
ity, which, as I have already observed, is coiled away 
(in the long-tongued kinds) among the viscera. 
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Ttic mode in whicli tlie tongue ia used may te read- 
ily seen by watching the actions of a I'eriwinkle in a 
marine or a Pond-snail in a fresli--water aquarium. 
When the conferva has begun to form a thin green 
growth on the glass sides of the tank, the MulUieca are 
incessantly engaged in feeding on it, and rasping it 
away with this toothed ribbon. " The upper lip with 
its mandible is raised ; the lower lip expands ; the 
tongue is protruded, and applied to the surface for an 
instant, and then withdrawn ; its teeth glitter like 
glass-paper, and in the Pond-snail it is so flexible that 
frequently it will catch against projecting points, and 
be drawn out of shape slightly as it vibrates over the 
surface." * 

Perhaps every variety is accompanied by some vari- 
ation in food or manner of feeding. "With the Trochua, 
the proboscis, a tube with thick, fleshy walls, is rapidly 
turned inside out to a certain extent, until a surface is 
brought into contact with the glass, having a silky lus- 
tre : this is the tongue ; it is moved with a short sweep, 
and then tubular proboscis infolds its walls again ; the 
tongue disapearing, and every filament of conferva be- 
ing carried up into the interior from the little area 
which had been swept. The next instant, the foot 
meanwhile having made a small advance, the proboscis 
unfolds again, the tongue makes another sweep, and 
again the whole is withdrawn ; and this proceeds with 
great regularity. I can compare the action to nothing 
so well as to the manner in which the tongue of an ox 
licks up the grass of the field, or to the action of a 
mower cutting down swathe after swatlie as he marches 
along. The latter comparison is more striking, for the 
* Woodward's "MoMusca," 161. 
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mai'ks of progress wbieli caeh operator leaves bcliind 
him, Thongh the confervoid plants are swept off by 
the tongue of the Molluek, it is not done so cleanly but 
that a mart is left where they grew ; and the peculiar 
form and structure of the tongue, which I have above 
noticed, leave a series of successive cmves all along the 
course which the MoUusk has followed, very like those 
which mark the individual swathes cut by the mower 
in his course through the field. 

The Periwinkle's table-manners differ slightly from 
those of his relations. When he eats, he separates two 
little fleshy lips, and the glistening glass-like tongue is 
seen, or rather the rounded extremity of a bend of it, 
rapidly nmning round like an endless band in some 
piece of machinery ; only tliat the tootli-pointSj as they 
run by, remind one rather of a watch-wheel, Tor an 
instant this appeai-s, tlien the lips close again, and pres- 
ently reopen, and the tongue again performs its rasp- 
ing. It is wonderful to see ; — ^perhaps not more won- 
derful than any other of God's great works, never more 
great than when minutely great ; but the action and 
the instrument, the pei-fect way in which it works, and 
the effectiveness with which the vegetation is cleared 
away before it, all strike the mind with more than usual 
force, as exhibitions of creative skill. 

As the Periwinlde moves along, mowing his sea- 
grass as he goes, he carries before him two soft and 
flexible horns, marked with zebra-like bands of black 
and white, which he constantly waves about. These 
are organs of some sense, probably of touch, and arc 
therefore called tentacles (or tryers) ; but they bear on 
their outer sides, near the base, a pair of other organs, 
which are more closely analogous to what we ourselves 
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possess. You see on eaeii tentacle a little wart, wliieii 
when you look at it with a lens you perceive to have 
a round black glossy extremity. Tliie is the eye. By 
careful disaection under the microscope, we find it to 
contain a beautiful transparent crystalline lens, witli a 
thick and glutinous vitreous htiinonr adhering to it be- 
hind, bounded by a retina or curtain to receive the op- 
tic image, and an optic nerve. 

But much more atti'active you will find the eyes in 
this little Scallop. It is a half-grown individual of 
what is provincially known as the Sqnhi {Peoten op&r- 
Gularis), much piized for its delicate sapidity. Belong- 
ing to the bivalve class of the MoUusca, tlie animal is 
inclosed within two shallow shelly plates, concave in- 
ternally, and convex extei'nally, which are united by a 
hinge, just as the works of a watch are protected by 
the case. When the little creature is at its ease, as 
when the water is pure and clear, it lies on one side, 
its valves being separated as we see them now, a quar- 
ter of an inch or so apart, allowing ua to discern what 
is contained between them. 

Well, we see fii^t a number of slender, white-pointed 
threads, peeping out from each valve and spreading on 
all sides, waving hither and thither, groping, now con- 
tracting, now expanding, with incessant but deliberate 
motion. These are tentacles. If we trace them to 
tlieir origin, we find them attached to a fleshy sort of 
veil that lines each valve to near its edge, and then ab- 
ruptly falls at an angle towards the opposite valve, 
where it meets a eoiTesponding veil. These two veils 
form the mantle. It is from each of these that the ten- 
tacles spring ; and we discover that there are four rows 
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of these organs, one row set along the angle, and one 
along the edge of each veil. 

But aa we peer among these slender threads, our at- 
tention ie riveted hy some tiny points that are seated 
near their bases, which glitter like hriUiant gems. 
They are seen only in those rows of tentacles which 
epiing from the angles of the veils, and not In those 
wliich fringe their edges. Even the unaesisted sight can 
detect the gleam and glitter of these little speehs ; but 
it is only when we bring the lens to bear npon them 
that we see all their beauty. They then look like dia^ 
monda or emeralds, each set in a broad ring of dai'k 
red substance, which gi'eatly enhances their beauty. 
They are inserted into the mantle in the line of the ten- 
tacles, alternating with them, yet not with absolute 
regularity, for there are more tentacles than gem- 
points ; they are about half as numerous again as the 
radiating ridges of the shell. Some are much larger 
and more prominent than others, hut they have all the 
same structure and appeai'ance. 

These little organs are eyes. As its movements are 
far more extensive, and more fitful and rapid than is 
common in this class of animals, the little Pectan prob- 
ably needs these brilliant organs of vision to guide its 
waywai'd rovings, as well as to guard it from hostile 
assauHs. The animal ia very sensitive, withdrawing its 
tentacles and mantle, and bringing the valves of its 
shell together, on any shock being given to the vessel 
in which it resides. It manifests, however, a wisely 
measured degree of caution, for it does not actually 
close the valves, unless it be repeatedly disturbed, or 
unless the shock be violent, contenting itself with nar- 
rowing the opening to the sniaUest space i 
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yet even then the two rows of gem-like eyes are dis- 
tinctly visible, peeping ont from the almost closed ahell, 
tlie two appearing like one iindnlating row from the 
closeness of tlieir proximity. 

If yoTL are familiar witli the pin-cushions which 
children, often make with a narrow rihhon round the 
edges of these very Seallop-sliells, you can hardly fail 
to be struck with the resemblance borne by the living 
animal to its homely bnt useful substitute ; and the 
beautiful eyes themselves might be readily mistaken 
for the two rows of diamond-headed pine, carefully and 
regulai'ly stuck along the two edges of the pin-eusliion 
ribbon, — the ribbon itself representing the satiny and 
painted mantle. A friend of mine, to whom I was 
once showing this object, compared it, not inaptly, to a 
lady's ring set with diamonds. 

You will not fail to remark, how the position of 
these beauteous organs is suited for their most extensive 
iisefnlness consistent with their safety. In the ordinary 
condition of the animal's expansion, and especially when 
it is about to malte its stldden and vigorous leaps, the 
gemmeous points are so situated as just to project be- 
yond &e margin of the shell. So that when we view 
the creature perpendicularly as it lies, our eyes looking 
down on the convexity of the upper valve, the minute 
eyes are seen, all round its circvimference, just, and biit 
JBst, peeping from under its edge. It is clear that this 
arrangement secures to them the widest range of vision 
with the least possible exposure. As Divine contriv- 
ance has been often most deservedly recognised in tlie 
projection of the bony ridge over the human eye, which 
we call the brow, we surely cannot fail to recognise, and 
admire it also in the position of these delicate organs, 
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either beneath the margm of the solid shell, or, if pro- 
jected, projected only in the smallest degi'ee, and en- 
dowed with the power of reti'eatJBg beneath its barrier 
with the rapidity of thought on the least alarm. 

There can. he no doubt tliat these points, numerous 
as they are, are true eyes, endowed with the facility of 
vision in a well-developed degree. For when their 
structure is careftdly examined by the sliilful anatomist, 
each is found to be covered with the proper sclerotic 
tunic which becomes a perfectly transparent cornea in 
front, and to possess a colom-ed iris, — pei'forated with 
a weU-defined pupil, and connected with a layer of pig- 
ment which lines the eclerotic tonic, — a crystalline lens, 
and a vitreous humour for the due refraction of the 
rays of light, and a retina in their focus, formed by an 
expansion of the optic ncryc, and fitted to receive the 
picture ; the sensation of which is tlien conveyed by an 
optic nerve from each eye to the common nerve-trunk, 
which runs along the border of the mantle. Thus there 
exists in each of these lustrous points every element 
needful for the due performance of vision, though, prob- 
ably, the impressions thus conveyed may be neither so 
powerful, nor so distinct as those which are conveyed 
by the eyes of vertebrate animals. They ai-e, how- 
ever, we may be sure, amply sufficient for the wants of 
the pretty Scallop, and are fresh proofs of the Divine 
wisdom and benevolence. 

We have been accnstomed, from childhood, to recog- 
nise as eyes the sinning black extremities of the upper 
pair of " horns " in the Gai-den Snail. And though 
some naturahsts have doubted, and even denied that the 
tentacle was anything more than a very delicate organ 
of touch, yet it has been abundantly proved by dissec- 
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tion, and is now incontrovertibly eetablislied, that its 
tip eaiTies an eye even more completely developed than 
those of the Pecten, which we have just been looking 
at. The eye is situated, not indeed on the very sum- 
mit of the tentacle, hut on one side of a movahle bulb 
there placed. It is very minute, ahnost spherical, but 
slightly flattened in front. It is protected by a very 
thin ti'ansparent layer of the common skin and is sur- 
rounded at the eide and hehmd, by a perfectly blact 
membi-ane called the choroid, or pigment membrane. 
Tliis blacli globule contains a transpai-ent and semi-fluid 
substance, with which it is completely filled ; towards 
the bottom it is of thinnei' consistence, and appears to 
contain many hrilhant particles when the eye is dis- 
sected under the microscope ; this may be considered 
as the vitreous humour. In the front part of the eye 
there is a ei-ystalline lens, a small, circular, flattish, or 
rather lenticular body, perfectly clear and translucent, 
hut a little more solid than the vitreous humoxu-. 

Now protection for these so delicate organs is pro- 
vided in a way quite different from, yet equally effec- 
tive -with, that which we just now admired in the 
case of the Pecten. You Iknow that if you touch, 
though ever so tenderly, the eye of the Snail, it is in- 
stantly drawn into the horn hy a most curious process 
of inversion. The action is performed by means of a 
long muscular ribbon, which originates from the gj-eat 
muscle that retracts the head within the shell, and 
which is inserted into the extremity of the hollow 
tentacle. "When this ribbon eonti-acte at the will of the 
animal, and still more forcibly, when it is aided hy tho 
contraetion of the great head-muscle, the tip of the 
tentacle with its eye is drawn within the surrounding 
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parts, just like the finger of a glove. When the ani- 
mal would again protrude ite eye, tlio fibres wbicli sm-- 
ronnd the tentacle, like so many rings tlirougliont its 
whole length, successively contract, and thus gradually 
squeeze out, as it were, the inverted nart, until it is 
turned bact to its original position. 




But the cars of this homely " creeping thing " are, 
perhaps, even more curious than its eyes ; though fai' 
less elaborate in their &tructnre. You will imagine 
now, that I refer to the other pair of tentacles, as you 
ai'e accustomed to associate the idea of ears with pro- 
jecting organs situated on the head. No, you must not 
look tliere for them. Here, in this young Garden Slug, 
which is so small as to be conveniently examined on 
the stage of the microscope, and so devoid of colour that 
we can readily loot through its tissues, — we shail easily 
find its ears, tliough they ai'e not quite so prominent as 
those of an ass. 

I subject the animal to a gentle pressure by means 
of the eompressorium, just sufficient to flatten its soft 
body a little, without injuring it. And now, with this 
low power, you may see that Siebold, a learned zoolo- 
gist and comparative anatomist, familiar witK the cmi- 
ous phenomena of life, truly calls " a wonderful spec- 
tacle." In the neck of the little animal you discern, 
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deep-seated in the soft flesh, a pair of peri'ectly trans- 
parent glohules, or bladders, withont any opening, but 
filled with a clear fluid, in which there are some minute 
bodies performing the most extraordinary evolutions. 
They constantly keep up a series of swinging or balanc- 
ing movements, sometimes rotating, sometimes forcibly 
diiven in a certain direction, then in the opposite, yet 
no single one ever by any accident touching the walls 
of the capsule in which they are contained. If the cap- 
sule he ruptni'ed, the motions instantly cease. These 
little bodies are of a calcareous nature ; and they are 
called otoUthes, that is, ear-ston^. The most that we 
know of these curious capsules, which are indubitably 
ascertained to be organs of hearing, we owe to the ob- 
servations of the eminent zoologist Just named, and you 
may perhaps like to know a little more about them. 

Siebold says that a concentric depression is evident 
in these otolithes, and that there may be seen in the 
centre of the greater number of them a shaded spot, 
or rather a minute aperture, which penetrates through 
the concretion from the one flattened surface to the 
other. Subjected to a strong pressure, the otolithes 
crack in radiating lines, separating often into four pyra- 
midal pieces. This separation also ensues, after a longer 
time, when the otolithes are immersed in diluted nitric 
acid ; and, if we touch them with the concentrated 
acid, they suddenly dissolve with the disengagement of 
a gas, whence Siebold concludes them to be composed 
of carbonate of lime. The size of the otolithes is not 
equal, and in the same capsule there are always some 
which are smaller than others. "Within the capsule 
they have, during life, a very remarkable, and in some 
respects peculiar, lively, oscillatory movement, being 
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driven abont as particles of any light insoluble powder 
miglit be in boiling water. The otolitlieB in tlie centre 
have the appearance of being pressed together so as to 
form a sort of solid nucleus, and to-wards this centre 
the otolithes towards the circumference seem even to 
be violently urged, tlieir centripetal rush being invari- 
ably repulsed, and as often driven again into a eenti'i- 
fugal direction. Removed from the capsule, tlie mo- 
tions of the otolithes instantly cease. The cause of 
these curious oscillations remain undiscovered. Siobold 
could detect no vibratile cUia on the surfaces of the 
eapsnle, and the cessation of the motion when the oto- 
lithes are removed, proves them to be unciliated them- 
selves, and, at the same time, distinguishes the motion 
from that of inorganic molecules. 

It has been more recently ascertained that the move- 
ments of the otolithes are due to very minute cilia with 
which the interior surface of the capsule is covered. 
This had been long suspected, and some eminent physi- 
ologists, as Wagner and Kolhker, have distinctly seen 
the cilia themselves. 

If you ash what can be the use of ears to a class of 
animals which are invariably dumb, I answer that 
though this is true with respect to the great majority, 
yet it may be only that our senses are too duU to per- 
ceive the delicate sounds which they utter, and which 
may be sufficiently audible to then- more sensitive or- 
gans ; and besides, some Mollusca can certainly emit 
sounds audible to us. Two very elegant species of Sear 
slug, viz. Eolis punotata^ and Tritonia a/riorescens,^ 
certainly produce audible sounds. Professor Grant, 

* How oallod J)endronMte arhorescens. 



jiGoogle 



MOLLUSCA : THEIR EAI13. 65 

who iirst observed the interesting fact in some speci- 
mens of the latter which he was keepiog in au aqua- 
riam, says of the sounds, that " they resemble very 
much the clink of a steel wire on the side of the jar, 
one stroke only being given at a time, and repeated 
at intervals of a minute or two ; when placed in a 
large basin of watei' the sound is much obscured, 
and ia like that of a watch, one stroke being re- 
peated, as before, at intervals. The sonnd is longest 
and oftenest repeated when the Tritonife ai-e lively and 
moving about, and is not heai-d when they are cold and 
without any motion ; in the dark I have not observed 
any light emitted at the time of the sti'oke ; no globule 
of air escapes to the surface of the water, nor is any 
ripple produced on the surface at the instant of the 
stroke ; the sound, when in a glass vessel, is mellow 
and distinct." The Professor has kept these Tritoni^ 
alive in his room for a month, and, during the whole 
period of their confinement, they have continued to 
produce the sounds, with very little diminution of their 
original intensity. In a small apartment they are audi- 
ble at the distance of twelve feet. " The sounds obvi- 
ously proceed from the mouth of the animal ; and, at 
the instant of the stroke, we observe the lips suddenly 
separate, as if to allow the water to rush into a small 
vacuum formed within. As these animals are lier- 
maphrodites, requiring mutual impregnation, the sounds 
may possibly be a means of commumcation between 
them, or, if they be of an electric nature, they may be 
the means of defending from foreign enemies one of 
the most delicate, defenceless, and beautiftd Gastero- 
poda that inhabit the deep." * 

* EdJnb, Phi!. Joam. siv. 188. 
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CHAPTER IV. 

8EA-MATS AND SHELLY COBALLIHE8. 

When wo ■were at tlie sea-side last summer wo boiiglit, 
you may remember, of a poor wictow whom we met on 
the beach, a little basket of dried sea-weeds. Fetch it : 
it is on the chimney-piece upstairs. 

Now all of these objects are not sea-weeds. I mean 
they are not all plants ; some of them are animals, and 
these I want to "bring under your notice this evening for 
our microscopical entertainment. Here ai-e exquisite- 
ly delicate crimson leaves, as thin or thinner than the 
tiiinnest tissue-paper, witli solid ribs and sinuous edges. 
Here is a tall and elegant dark red feather, quite regu- 
larly pinnated. Here is a tuft of purple filaments as 
" fine as sillcworm's thread." And here is a broad ir- 
regular expanse of the richest emerald-green, crumpled 
and folded, yet as glossy as if varnished. 

"Well, all of these are plants, certainly : they are 
veritable Algm, or sea- weeds. But hero are other plant- 
like objects of a pale brown, drab, or snowy-white hue. 
Let us take this flattened brown leaf, divided into in-eg- 
ular broad lobea ; it looks almost like a tliickish paper, 
and is ahout as flexible. But pass your finger over it, 
and you feel that its surface is evenly roughened ; and 
on close and careful scrutiny you discern, even by the 
naked eye, that its surface is covered with a delicate 
network of minute shallow cells, 
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" Broad Hornwrack," and "Leafy Sea-mat," are t!ie 
names which the old collectors gave to this object; and 
modern natui'alists have given ifc the scientific appella- 
tion of JFlustra foliacea, and arrange it in the class 
Poly^a, a gronp of animate beings, which have much 
of the form of Polypes, and much of the strneture of 
MoHaabs. 

We cut off a little piece from the end of one of the 
lobes, and pat this upon the stage of the microscope. 
We DOW see that the cella are disposed in nearly par- 
allel rows ; bat so that those of one row alternate with 
those of the next, quinctma! fashion, the middle of one 
cell being opposite the end of its right and left neigh- 
bours ; — 01' like the moslies of a net. The cells extend 
over the whole leaf, and are spread over both its sur- 
faces in this case ; the united depth of two cells consti- 
tuting the thickness of the leaf-liko sti-ncture. There 
are other species, more delicate, which have but a sin- 
gle series of cells, all opening on the same Bide of the 
leaf. 

Eacli individual cell is shaped like a child's cradle ; 
and if you will imagine 20,000 wicker cradles stuck 
together side by side in one plane, after the quincunx 
pattern I have just mentioned ; and then the whole 
broad array turned over, and 20,000 more glued on to 
these, bottom to bottom, you will have an idea of the 
framework of this pale-brown leaf; — dimensions, of 
course, being out of the consideration. Tlie number 
may appear somewhat immense, yet it ia no larger than 
the ordinary average, as I will soon show you. I meas- 
ure off a square half-inch of this leaf, which I carefully 
cut ont with scissors ; now with the micrometer count 
the cells in the square piece. — ^You hnd 60 longitudinal 
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rows, eacli containing 38 cells, or thereabouts. Very 
■well ; a simple arithmetical process shows that there 
are 1,680 cells in this square half-inch ; or 6,720 in a 
square inch. "Now this very specimen, before I mutil- 
ated it, contained an area of about three square inches ; 
which would give 20,160 cells. Tliis is tlie number on 
one surface ; the other contains an equal number ; and 
thus you see that I Jiave not exaggerated the population 
of this tiny marine city. Thk, however, is by no means 
a specimen of unusnal size. 

These cells, which I compare to cradles, are of ehal- 
low depth, but the head-part rises to a much gi-eater 
height than the foot. All round this elevated portion 
the margin is armed with short blunt spines, two on 
each side, which stand obliquely erect, projecting out- 
wards over the middle of the next eel], which thus, in 
concert with the spines of the cell on the opposite side, 
they protect. 

If yon search carefnliy over the aggregation of cells 
with this pocket-lens, you will perceive that on some of 
them are seated minute white globules, which iooh like 
tiny pearls. These are not placed in any regular order, 
two being sometimes found on contiguous cells, but 
generally they are scattered at more or less remote in- 
tervals. If we now apply the microscope to these ap- 
pendages, each globule is seen to be flat on that per- 
pendicular side which faces the foot of the cradle ; and 
tliis flat side is a movable door, with a hinge along its 
lower edge. The door is of a yellow hue ; the globule 
itself being, as I said, of a pearly white hue. 

This is all that we can see in this dried specimen ; 
biit if wo had been fortunate enough to have examined 
it when first it was torn from its attachment to an old 
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shell at the bottom of tlie sea, jon woiild have seen 
much more. And what would then have appeared, I 
will describe to yon. 

Suppose, then, that a eoveriid of transparent skin 
were stretched over each cradle, from a little within 
the margin allroun(3, leaving a transverse opening jast 
in the right place, viz, over the pillow, and yon would 
have exactly what exists here. There is a crescent- 
fonn elit iu the membrane of the upper part of the cell, 
from which the semicircular edge, or lip, can recede, 
if pushed from within. 

Suppose, yet again, tljat in every cradle there lies a 
baby, with its little knees bent up to its chin, in that 
zig-zag fashion that children, little and big, often like 
to lie in. But stay, here is a child moving I Sottly I 
He slowly pushes open the semicircular slit in the cov- 
erlid, and we see him gradually protruding his head 
and shouldere in an erect position, straightening his 
knees at the same time. He is raised half out of bed, 
■when lo ! his head falls open, and becomes a bell of 
tentacles ! The baby is the tenant-polype ! 

"This is a vary amusing romance," you say. Nay, 
it is no romance at all. If you will excuse the homeli- 
ness of tlie compaiisons, I will venture to affirm that a 
personal examination of the creatm'e itself would j ustify 
theu- con-ectness, and you would acknowledge that tliey 
could scarcely he more apt. 

Moreovei', the globular chambers show signs of life ; 
their front doors suddenly open, gape widely, and then 
shut with a snap ; and presently this opening and shut- 
ting is repeated. The meaning of this action you will 
better underatand when we see analogous organs in an- 
other form of the same class of animals. Meanwhile, I 
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will jnst point out a beaiitifal though minute proof of 
design in a point of the structure of tlie cells connected 
with thcBe peai"ly chamhers. If you look closely, you 
will see that the spines of the margin ai-e not found on 
those cells that carry tlie pearls ; and moreover, tliat 
they are also wanting on the approximate edges of the 
two cells that lie hehind every such pearl-beai-ing cell. 
Now the reason of this omission is ohvious. The spines 




projecting obliquely would interfere witli the gaping of 
the door ; and hence they are invariably absent there. 

I happen to liave in ray aquarium a living individ- 
ual of another species belonging to the same class, and 
agreeing with this in all essential particulai^ of strac- 
ture, though widely different in form. The diiferenee, 
however, ia mainly dependent on a rather nnimportant 
point of ari'angement ; for tlie cells, instead of being set 
side by side and end to end in qnincnnx fashion, to an 
indefinite extent, on two surfaces of a plane, are dis- 
posed on one single surface, and in longitudinal rows 
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of two or tliree cells abi-east; thua narrow ribbon-like 
branches are formed, which now and then divide into 
two, then these into two more, and so on. These 
branches thus become fan-sliaped, wliich, by being 
slightly eiirvod, become segments of funnels ; and the 
pecnliai' elegance of this coralhne consists in the mode 
in which these branches are set on the stem, viz., in an 
ascending spiral curve, bo that the effect is that of sev- 
eral imperfect funnels set one within another, but which 
yet you perceive, by turning the whole gradually round, 
to compose a single eorltscrew Band of successive fans. 
This whole stracture stands upright in its natural state, 
lilve a little compact shrub growing from a root ; and 
as a good many are commonly associated together, thoy 
form a sort of mimic grove, fnnging the sides of darlc 
rocky sea-pools. 

The species is called the Corkscrew Coralline, or 
sometimes the Bird's-head Coralline, the latter name 
being assigned to it for a reason which you will pres- 
ently perceive. The appellation by which it is known 
to naturalists is Sugula amctdaria. 

We drop our specimen into a veiy narrow cell, com- 
posed of parallel walls of thin glass, a very minute flat- 
tened tank, in fact, such as can be put on the stage of 
the microscope. Here, bathed in its native seawater, 
as clear as ciystal, we shall see it opening and expand- 
ing its numerous polypides with the utmost activity and 
evident enjoyment. 

You gaze ; but you know not what you see. The 
presence of many lines representing transparent vessels 
of sti-ange and dissimilar sliapes, overlying each other ; 
and the swaying to and fro of eurioos objects, which 
strike now and then forcibly across the field of view. 
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are qnite bewildering. I innst act the ebowman, and 
tell you what to eee. 

The cells ai-e oblong, shaperl mncli like a sack of 
corn, with a spine ascending from each of the upper 
comers. Each stands on the summit of its predecessor 
in the same row, and side by side with those of its fel- 
low-rows, in sncli an order that the top of one cell cornea 
opposite the middle of t!ie one beside it. The top of 
the sack is rounded, and appears closed, but we shall 
presently find an opening there. The broad side tliat 
faces inwardly hae a large elliptical transparent space 
occupying nearly its whole surface ; this is covered 
with a very thin and elastic membrane, and auswera a 
peculiar end. Just below one of the spines that crowns 
the summit of tlie cell on one of the edges, is situated a 
little lump, to which is attached, by a very free joint, 
an object which you will perceive to beai- a remarkable 
resemblance to the head of a bird of prey. It has a 
beak strongly hooked, with two -well-formed mandibles, 
of which the lower is movable, shutting into tlie cavity 
of the upper ; you observe it deliberately opening, hke 
that of a bird, only stretching to an enormous width of 
gape, and then closing with a strong and sndden snap. 
Now and then the whole head sways backward and for- 
ward on its joints; and these movements, combined 
with the iltful and appai-ently spiteful snappings, per- 
fonned by many birds' heads scattered about the 
branch, are highly curious and amusing. 

The birds' heads, however, are not the Hving inhab- 
itante of tlie cells ; they are not integi'al parts of them. 
The cells have their proper inhabitants, each dwelling 
in its own ; and each essentially formed on tlie same 
plan as the "baby with the tucked-up knees," that 
makes the Sea-mat for his cradle-house. 
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lu order to get a good view of tlie tenant here, you 
most move the stage about till you find that thehranch 
is presented to your eye eidewise. Directing your at- 
tention then to the lateral edge of a single inhabited 
cell, its enmmit is seen to protiiide diagonally towards 
the inner side {i. e. towai'ds tlie axis of the spire), a tu- 
bular mouth, which is membranous and contractile. 
When the animal 'wishes to emerge, this tubular orifice 
is pushed out by evolution of the integument, and tlie 
tentacles are exposed to view, closely pressed into a 
parallel bundle ; the evolution of the integument, that is 
attached at their base, goes on till the whole is sta-aigbt- 
ened, when the tentacles diverge and assume the form 
of a funnel, or rather that of a wide-mouthed bell, the 
tips being slightly everted. They are furnished with a 
double row of short cilia in the usual order, one set 
working upward, the other downward. Tlieir base sur- 
rounds a muscular thick ring, the entrance to a funnel- 
shaped sac, tlie substance of which is granular, and 
evidently muscular, for its contractions and expansions 
are very vigorous, and yet delicate. Into this first 
stomach passes, with a sort of gulp, any animalcule 
whii'led to the bottom of the funnel by the ciliary vor- 
tex, and from thence it is delivered through a contract- 
ed, but still rather vnA& gullet, into an oblong stomach, 
the lower portion of which is obtuse. An extremely 
attenuated duct connects this, which is probably the 
true stomach, with a globular, rather small, intestine, 
which is again coQuected by a lengthened thread with 
tlie base of the cell. By an arrangement common to 
the ascidian type of tlie digestive function, the food is 
returned from the intestine into the true stomach, 
whence the effete parts are discharged through a wide 
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and tliick tube that iasaea from it close behind the point 
where the guilet enters. Tliis reetai tnbe passes up- 
wards parallel to the gullet, and terminates by an orifice 
ontside and behind the base of the tentacles. All tliese 
viscera are beantifully distinct and easily identified, 
owing to the perfect ii-ansparency of the walls of the 
cell, the simplicity of the parte, and their density and 
dark yellow eolonr. All of them ai'e manifestly gran- 
ular in textni-e, except the slender corrugated tnbe 
which connects the stomach with tlie globose intestine : 
this is thin and membranous, and is doubtless, if I may 
judge from analogy, capable of wide expansion for the 
passage of the food-pellet. 

The sudden conti'action of the polypide into its cell 
upon disturbance or alai-m, and its slow and gradual 
emergence again, afford excellent opportunities for 
studying tlie forms, proportions, and relative positions 
of the internal oj'gans. In contraction, the globular 
intestine remains nearly where it was, but tlie stomach 
slides down into the cell behind it, as far as the flexible 
duct will allow, and the thick gullet bows out in front, 
showing more clearly the separation between it and the 
rectum, and the insertion of both into the stomach. This 
retraction is, in part, effected by a pair of lon^tudinal 
muscular bands, which are inserted at the back of the 
bottom pai't of the cell, and into the skin of the neck 
below the tentacles. The contraction of these hands 
draws in the integument, like the drawing of a stocking 
within itself, and forces down the viscera into tiie cavity 
of the cell, which is probably filled with the vital juices. 

Besides the hind bands, there is one, or a pair of 
similar muscular bands attached on each side of the 
front part of the base of the cell, and inserted similarly 
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into the neclt. By watching the contraction of tlieso, 
you ■will be enabled to determine the use of the mem- 
brane-covered aperture up the front of the cell. At the 
moment of the retraction of the viscera into the cell, a 
large angular membrane is forced outward from the 
front side, which is protruded more or less in proportion 
to the degree of ■withdrawal of the polypide ; and as the 
latter emerges again, the membrane falls back to its 
place. It is evident, then, that this is a provision for 
enlarging the cavity ; the walls are horny, and probably 
almost inelastic ; biit when the stomach forces the in- 
testine forward, and tlie thick gullet is bent outward by 
the withdrawal of the neck and tentacles, the needful 
room is provided by the bulging out of this elastic mem- 
brane, which recovere its place by the pressure of the 
surrounding water, when the pressure of the fluids 
within is removed. 

Now, after wateliing these movements of the poly- 
pides, and the various structures whose forms and limits 
those movements reveal, it will become manifest to you 
that there is no visible organic connexion between tlie 
animal distinctively so called and the curious bird's 
head. This latter has a muscular system of its own, by 
means of which its energetic motions ai'e performed ; 
but it appears quite isolated on the outside of the cal- 
cai-eous cell, and wholly cut off from the interior by 
the Imob on which it works, and by the thickness of the 
cell-wall. Both knob and wall appear quite imperfo- 
rate ; and yet we cannot but presume that some con- 
nexion exists, perhaps through tlie medium of an ex- 
cessively delicate and snbtile, but living tissue, which 
may be presumed not only to line, but also to caver the 
strong cell; just as the strong envelope and spines of 
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a Sea-urchin are covered -with a thin fibn of living 
flesh. 

The functions and neo of these singalar processes 
are as obscure as their connexions with the animal. 
Yet that tliey play some important part we may almost 
certainly iufer, iVom the general prevalence of einiilar 
or analogous appendages among the various forms of 
this class. The globular pearls ■which you lately saw 
on the- sea-raat, is but another form of bird's head ; and 
the falling-door answers to the opening and shutting 
mandible. The fonns, hideed, of tlieee organs are very 
diverse, and sometimes they ai"e greatly disguised, But 
■what about their function 3 More than one observer 
has noticed the seizure of small roving animals by these 
pineer-like beats ; and hence the conclusion is pretty 
general, that they are in some way connected with the 
procuring of food. But it seems to have been forgotten, 
not only that these organs have no power of passing the 
prey thus seized to the mouth, but also that this latter 
is situated at the bottom of a funnel of ciliated tenta- 
cles, and is calculated to receive only such minute prey 
as is drawn within the ciliary vortex. I have ventured 
to suggest a new explanation. The seizure of a passing 
animal, and the holding of it in a tenacious grasp until 
it dies, may be a means of atti'acting the proper prey to 
the vicinity of the mouth. The presence of decom- 
posing animal snbetanco in water invariably attracts 
crowds of infusoiy animalcules, which then breed with 
amazing rapidity, so as to form a cloud of living atoms 
around the decaying body, cLuite visible in the aggre- 
gate to the unassisted eye ; and these remain in the 
vicinity, playing round and round until the organic 
matter is quite consumed. M^ow a tiny Annelid or 
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other animal canglit by the bird's bead of a Polyzoaii, 
and tightly held, would presently die; and though in 
its own substance it would not yield any nutriment to 
the capturer, yet by becoming the centime of a crowd of 
busy infusoria, multitudes of which would constantly be 
drawn into the tentacular vortex, and swallowed, it 
would be ancillary to its support, and the organ in 
question would play no unimportant part in the econ- 
omy of tlie animal. 
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I PEOPOSE now to reveal to you some of the microscopic 
maiTels of the insect ■world ; a race vastly more popu- 
lous than all of the other animate tribes put together ; 
for the most part so minute as to be peculiarly suitable 
subjects for our present investigations, and so furnished 
with elaborate contrivances and exquisite pieces of 
mechanism, as to elevate our tlionghts at every turn 
to the majesty of tlie Divine wisdom displayed in the 
most minute of His creatures. Let us begin ■with their 
winffs. 

The most perfect fliers in existence are Insects. 
The swallow and the humming-bird are powerful on 
tlie wing, and rapid ; but neither these nor any other 
"winged fowl" can be compared with many of the 
filmy-winged Insects, Tlie common House-fly, for 
example, will remain for hours together floatmg in 
the ah beneath the ceihngs of our dwelling-rooms, hov- 
ering and dancing from side to side, ■without effort 
and without fatigue. It has been calculated that in 
its ordinary flight the House-fly makes about 600 
strokes with, its wings every second, and that it is caiTied 
through the air a distance of five feet dui^ing that brief 
period. But, if alarmed, the velocity can be increased 
six or seven-fold, as every one must have observed, so 
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aa to carry tlie insect tliirty or five and thirty feet in 
the second. In the same space of time, obserTes Mr. 
liu'hy, a race-horee could clear only ninety feet, which 
is at the rate of more than a mile a minute. Our little 
fly, in her swiftest flight, will in the same space of time 
go more than the third of a mile. !N"ow compare the in- 
finite difference of the size of the two animals (ten mil- 
lions of tlie fly wonld hardly eountei-poise one racer), 
and how wonderful will the velocity of this minute 
creature appear ! Did the fly ec[ual the race-horse in 
size, and retain its present powers in the ratio of its 
magnitude, it wonld traverse the globe with the rapid- 
ity of lightning.* 

Bees, again, are accomplished masters of aerial mo- 
tion. The Humble-bees, notwithstanding their heavy 
bodies, are the most powerful fliers of this class. The 
same excellent entomologist tells us that they " tfaverse 
the air in segments of a circle, the arc of which is al- 
ternately to right and left. The rapidity of their flight 
is so gi-eat that, could it be calculated, it would be 
found, the size of the creature considered, far to exceed 
that of any bird, as has been proved by the observa- 
tions of a traveller in a railway carriage proceeding at 
the rate of twenty miles an houi", which was accom- 
panied, though the wind was against them, for a con- 
siderable distance by a Humble-bee {BojiUncs svJmiter- 
rwptus), not merely with the same rapidity, but even 
gi-eater, as it not unfrequently flew to and fro about 
the carriage, or described zig-zag lines in its flight. 
The aerial movements of the Hive-bee are more distinct 
and leisurely." f 

You have doubtless often admired the noble Dragon- 
* Xnlr. to Entom. Lett. xxii. -|- Ibid. 
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fly, with its four ample and wide-spread wings of 
gauze, hawking in a green lane, or over a pool in tlie 
noon of snmmer. It sails, or rather shoots with arrowy 
fleetness hither and thither, now forwards, now back- 
wards, now to the right, now to the left, without turn- 
iug its body, but simply by the action of its powerful 
and elegant' wings. Leeuwenhoet once saw an insect 
of this tribe chased by a swallow in a menagerie a hun- 
dred feet long. Tlie Dragon-fly shot along with such 
astonishing power of wing, to the right, to the left, and 
in aU directions, that this bird of rapid flight and ready 
evolution was unable to overtake and capture it, the 
insect eluding every attempt, and being in general 
fnlly six feet in advance of the bird. A Dragon-fly 
has been known to fly on board a ship at sea, the 
nearest land being the coast of Africa, five hundi'ed 
miles distant, a fact highly illustrative of its power of 
wing. 

It is a point of interest to know tlie structure of the 
organs by which such results are accomplished, and 
therefore we will devote an hour to the microscopical 
examination of the wings of one or two Insects. Let 
us begin with the common !Fly, one of which, a fine 
blue-bottle, is somewhat noisily buzzing in the win- 
dow — 

" The blvie-flj' aoiig i' the pane,"^ 

as if to invite our attention to him. Well, we wiU bor- 
row one of his wings for tlie lesson : and putting it into 
the stage-forceps, we shall be able to turn it in any di- 
rection for observation beneath the microscope. 

At first it seems a very thin transparent membrane, 
of a shape between triangular and oval, with a few fine 
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black lines running through it, and along one edge. 
But on bringing a greater magnifying power to bear on 
it, we see that the clear surface is covered with minute 
short stiff hairs, each of which has an expanded base. 
And still further, by delicate focussing, we iind that 
there are two sets of these hairs, which come into view 
alternately, those of one row projecting upward to- 
wards our eye, those of the other downward. They are 
placed on both the upper and under-surface, and are in 
fact appendages of two distinct membranes, applied to 
each other. There is some reason to believe that these 
hairs are delicate organs of touch communicating im- 
pressions through the skin to a sensitive layer beneath ; 
at least such seems their function on the body, and 
we may judge from analogy that it is not different 
here. 

The black lines are elastic, homy tubes, over which 
the membranes are spread and stretched, like the silk 
of an umbrella by its ribs. The upper membrane is 
firmly attached to the tubes (which ai'e called ner- 
vures) ; the lower has but a slight adhesion, and is 
easily stripped from them. The nervures originate in 
the body, and diverge like a fan to various points of 
the tip, and to the upper and lower edges ; some of 
them, however, terminate in the substance of tlie wing 
witliout reaching the edge, and sofoo send off cross 
branches by which two are connected together. They 
generally maintain the same thickness throughout, but 
thei'o are enlargements where the branches join the 
main trunks. These nervures are hollow, and are, dur- 
ing Ufe, filled with a subtile fluid, which is supplied 
from the vessels of the body. They contain also rami- 
fieations of the exquisite spiral air-vessels, which we 
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eliall presently consider, so that both air and blood cir- 
culate in them. 

In this wing of the Bee all of these structures may- 
be seen to greater advantage. The membrane appears 
perfectly homogeneous by transmitted light, even with 
so high a magnifying power as 600 diameters, at least on 
a cursory examination ; though, by careful manipula- 
tion, we may discern faint traces of angulai' lines which 
divide Uie whole surface into iiTegalar areas. Ent 
by using reflected light at an oblique angle, this areola- 
tion, which indicates the primary cells of the structure, 
is much plainer, and each area is pei'ceived to cai-ry a 
single hair in its centre. 

The hairs themselvfs here take the character of 
curved spines, not nnlite those of a rose tree. Along 
the front edge of the wing they are straight, stout, 
densely crowded, and overlapping in an inclined po- 
sition ; but the most interesting modification of these 
organs is seen at the front edge of the posterior pair. 
Unlike the Fly, which has but a single pair of wings, 
the Bee has two pairs, of which the fore pair is the 
larger and more homy, the hinder pah- seeming to be, 
as it were, cut out of the hinder and inner side of the 
fore ones. The two edges— the hinder edge of the fore 
pair and the front edge of the hind pair — ^then corres- 
pond, but it is neerasary that, during flight, when the 
wings are expanded, the two wings on each side should 
maiiitain this relative position, neither overlapping the 
other, but together presenting one broad surface, where- 
with to beat the air. There must be, therefore, some 
contrivance for loehing together the two edges in ques- 
tion, which yet shall be capable of being imlocked at 
tho pleasure of the animal ; for the wings during repose 
slide over one another. Tiiis contrivance is furnished 
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by a series of hairs or spines rinmiiig along the front 
edge of the hind-wing ; ttey are bent up into strong 
seraieii'eular hooks, arching outwards, looking, tinder a 
high power, like the hooks on a bntcher'a stall. On 
the other hand, the margin of the fore-wing is strength- 
ened, and is turned over with a sliallow doubling, so 
as to make a groove into which the hooks catch ; and 
thus, while the fore-wings are expanded, the hooks of 
the other pair are fii-mly locked in tlieir doubled edge, 
while, as soon as flight ceases, and the wings ai'C re- 
laxed, theie 13 no km ■■-<^^^i5^^0s v 
drance to tho sliding of ^^^^^^^^^^^^^^^^^^ 
tlie fiont ovei the kind e"^T-= 
pan 

The wing^ of miny in 
sects are mteicsting on 
account of tho oigins 
with -nluch they aie 
clothed A famihii ex- 
ample IS fumisked by ' 
the common Gnafcj a 
wing of which IS on the slide iiowbefoie me Tlieie 
IS the Bime gencnl sfiuctuie as before, — two cleii elis 
tic membranes sttetched over slendei koiny tnbulii 
nervnres, and studded on both surfaces with short spine- 
like hairs, which in this case, however, are excessively 
numerous and minute. But along tlie nervures, and 
along other lines which run (generally) parallel with 
the front margin, and also along the whole mai'gin, 
there are set long leaf-like scales of very cm-ious ap- 
pearance and strncture. 

Confining oar attention to ono of tliese lines, sup- 
pose one of the nervnres, wo see that its course is 
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marked on tlie upper inembrane by five rows of minute 
elevated wavts, arranged obliquely with one another. 
From each of tliese warts springs a slender stem wliich 
gi'adnally dilatea into 
tliin leaf-shaped 
g^^^^^g]"^ plate of transparent 
substance, having 
fi'om four to eight or 
, . , ^^^ longitudinal ribs. 

They project in a radiating manner, all inclined towards 
the tip of the wing. The same lino on the iinder-sur- 
face carries tlie like nnmber of leaf-like plates, corre- 
sponding in aiTangemeut, sti-ucture, fonn and direction 
with those on tlie upper side. The margins of the wing 
all round are furnished with similar organs, with tliis 
difference, that whereas the plates along the lines are 
as it were cat off abruptly at their gi-eatest diameter, 
the marginal ones converge again with a gracefully 
curved outline, to a fine point : a form which is seen 
to the greatest advantage along the hind edge of tlie 
wing, while those of the front margin are tliicker, and 
more densely crowded. 

There are, however, other Insects which display tliese 
or similar appendages in far greater profusion, and in 
mnch variety of form and appearance. In the fissures 
of cliffs that border the sea-shore may often bo found 
some wingless but active Insects, which are endowed 
with the power of leaping in great perfection. From 
their hinder extremity being furnished with long pro- 
jecting bristles, they are sometimes called Bristle-tails, 
but naturalists designate tlie gemis MachiUs. If you 
can get one sufficiently still to examine it, you will be 
delighted with the lustre of its clothing, which appears 
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duBted all over with a metallic powder of rich colours, 
— red, brown, orange and yellow, foiled by dull lead- 
grey in places. 

If you touch ono of these nimble leapers, though 
ever so lightly, you will see tlie result on your finger- 
ends ; for they will be found covered with a thin stra- 
tum of the finest dust, which displays the coloured me- 
tallic reflection seen on the insect. By touching one 
with a plate of glass instead of your finger, you will get 



tlie same dust to adhere to this transparent medium, by 
applying which to the microscope you may at once 
discern the marvellous nature of the raiment with 
which the little creature is bedecked. 

The dust is now seen to be composed of myi-iads of 
tliin scales, mostly regular and symmetrical in tlieir 
forms, though varying exceedingly among tliemselves 
in tliis respect. Some are heart-shaped, some shovel- 
shaped, some round, oval, elliptical, half round, half 
elliptical, long and narrow, sometimes irregular and 
unequal, and of various otlier undescribable outlines. 
Perhaps the most common forma are ovate, heart- 
shaped, and that of the pan of a fire-shovel. Each thin 
scale has a minute foot-stalk, which is not connected 
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with it at ejtlier exU'emity, but at a point of one surface 
a little way ft'om the smaller end, wlience it projects at 
an obliqae aiiglo ; so tLat when the Btalk was inserted 
in its proper cell in the sldn of the insect, the scale lay 
horizontally, covering the insertion. 
This is a peciiliaiity not found in 
some other scales that I shall pres- 
ently introduce to you. 

The whole hody of tlie scale is 
traversed hy a series of fine close-set 
parallel lines, running longitudinally 
from end to end. At least this is 
the ordinary arrangement; but oc- 
casionally yon see scales, in which 
there are two series of parallel lines, 
arranged on either side of an imagin- 
sny central line, towai-ds which tliey 
respectively converge, but never, I think, diverge from 
it. These lines appear tofonn thickened ribs, but seem 
to be made by elevations of the membrane both above 
and below. Between the ribs, on the larger scales, we 
see a number of veiy delicate cross lines, which are 
probably regular wrinklings of the depressed surface. 

Tliere is another little Insect of the same family, 
commonly found in cupboards, and in chinks of old 
damp houses, and called the Sugar-louse (Xepisma) ; 
very much hke this, hut of a silvery lustre, and carry- 
ing the three bristles of the tail diverging widely. This 
also is covered with scales, some of which are preseiwed 
on this glass sKde. Here, while the general appearance 
and stracture agree with those of the scales which we 
have just been considering, there is considerable diver- 
sity in details. The form is usually orate or shovel- 
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like ; the foot-stalk, projecting at a similar angle, is not 
set on the inferior surface, but in the bottom of a 
deep narrow incision ; and the ribs ai-e invariably di- 
vcrgont like those of a fan. In these, however, there is 
a peculiarity of arrangement, which I have never seen 
noticed, but which ia obvious enough in the specimens 
before ue. The ribs on the two surfaces diverge at a 
different angle, those of the upper surface being the 
more divergent, divaiicating from the foot-stalk, while 
those of the lower membrane are coarser, and much 
more neai'ly parallel, their bases ranging along the 
hind edge of the scale. Tlie effect of Hie intersection 
of the sets of lines at so acute an angle, is to convey 
the optical impression that the scale is covered with 
short irregular dashes, 

Snch is the arrangement on these scales, which I 
prepared myself from the eomon Z^isma ; but I have 
a slide marked " Lepisma," from one of the dealers in 
microscopic objects, in which the ribs on the two 
sides concur ; but^ on one side, there are obliq^uely 
divergent lines visible only near- the marghi, which 
appear to be produced by ivrinkJes of the membraiie 
I to the transverse dashes on those of Ma- 



Scales much more delicate than either of these sorts 
are found on the Podwra, a minute insect of which 
tliere are several species ; which leap, jerking out the 
bristles of the tail, that ai'e ordinarily can-ied under too 
body, like a coiled spring. They ai'e common in cellai-s, 
in hot-bed frames, on dunghills, on the surface of water 
in road-ruts, &e. On the slide before you are some of 
the smaller scales from one of these insects ; they are 
exceedingly delicate, and the clearness with which you 
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discern the character of their mai-kings, is a proof of 
the good definition of my microscope ; this is what 
is csSed a "test-ohject." At first sight they seem 
covered with ribs like those of the MachiZis and l^^is- 
ma ; hut, hy the use of a magnifying power of 600 diam- 
eters (aa I have now put on), yon perceive that, in 
the fii-et place, the lines are not straight nor parallel, 
but curve irregularly, and are often branched ; and, 
in the second place, that they are not uninterrupted, 
hut made up of a series of successive wedge-shaped 
warts, which lie nearly fiat, but project a little at the 
larger end, where each overlaps the next. The scale 
we are looking at measures '0014 inch in length, and 
■000& in width ; here the marks are well defined ; hero 
are smaller scales '0008 in length by "OOOSS in width, 
hut these are more dim and difficult to resolve. 

The beautiful and extensive order called Lepidoptera 
or Scale-winged, ^ar excellence, including the gay tiibcs 
of Butterflies and Moths, present us with many ex- 
ceedingly interesting varieties in these singular cover- 
ings. The study of these might he almost as wide as 
tlie immensity of species ; I can only show you a few 
exmples. 

Hero arc specimens from the pretty little white 
rive-plume Moth (PiertipAorws), so common in meadows 
in summer. The general shape of the scales from the 
body and wings is that of a willow-leaf, some singly 
pointed, hut more cut at the tip into two, tliree, or 
four notches. Those from the legs are longer and slen- 
derer in proportion ; and among the others from the 
wings, there are some which take the form of hairs, 
which send forth one or more branches from one side, 
that form a very acute angle with the main stem. The 
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scales proper are all maried with longitiidinal lines, 
veiy minute and cloee, but tliey mostly heai- a central 
band, and sometimes a marginal one on each side, of 
spots set in sinuons lines like the bands on a macker- 
el's back ; these are probably composed of pigment- 
graniQes. 

These from the pretty Six-spot Burnet Hawkmoth, 
ai'e nearly opaque, especially those from tlie red parts 
of the wings, which have a rich ruddy glow by trans- 
mitted light. They are narrow in shape, tapering 
gradually forward from the foot-stalk, and tenninate 
mostly in two blunt points. The ribs ai-e coarse for the 
'size of the scales, and the depi'essed spaces are marked 
with irregular pigment-grains. 

The hairs with which the bodies 
of Motlis ai'e invested arc essentially 
of the same ehai'acter as tho scales i 
which clothe their wings. Hero are 
examples from the glowing sides of \ 
the abdomen of that richly coloured 
insect, the Cream-spot Tiger-mouth 
(ArGiia viUicd). You see tliey are 
simple scales, drawn out to an inor- 
dinate length and great tenuity ; each 
has its quill-like foot-stalk, and we 
may trace on some of them the ribs 
and transverse dotting, while here we 
see all intermediate stages between 
the slenderest hair and the broadly 
ovate, blnntly -pointed scales from the n 
wings. 

Tou are familiar of course with the brilliant little 
Blue Euttei-fiy {Poh/ormnatus Alexia), which dances 




I ..Google 



90 KVJININGB AT THE 

and glitters in the sunshine on waato places in June. 
Among the scales of ordinaiy form wliich clotlie the 
lovely little wings will occur one here and there of a 
different shape from the rest. Here yon may seo one ; 
it is much smaller than the average ; the foot-stalk is 
very long, and the shape of the entire scale is that of a 
battledoor. The libs are rather few and coaree, and 
they have this peculiarity, that each rib swells at inter- 
vals into rounded dilatations, each of wliich has a minute 
black point in its centre. In some of these battledoor 
scales there is, near the lower paii; of the expansion, a 
crescent of minute pigment-grains. 

The silvery grey surface of the front win^ of a 
common moth, known as tho Buff-tip {Pygmra huce- 
p/mla), is composed of scales of nnnsual magnitude, 
and of a remarkable form, their shape benig that of an 
expanded fan, and being quite distinguishable by the 
unassisted eye. The ribs are very fine and nnmerons, 
and there are diverging lines of pigment-grains run- 
ning through the scale. 

Those of the Emperor Moth {Satumia pavonia- 
minor), ai-e likewise triangular in outHne, and are re- 
markable for being deeply notched at the end ; so deep- 
ly as to leave projecting points (from two to five) as 
long as, or even longer than the integral portions of 
the scale. 

In some species we find scales the tips of which are 
furnished with a curious sort of fringe. This slide pre- 
sents several such in the midst of many of a more ordi- 
nai'y shape and appearance. The scales in question are 
straight, and parallel-sided, rather narrow, with the 
basal end rounded, and the terminal extremity tapered 
abruptly to a point ; it ia on each slope of this point 
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that the fringe is arranged. The surface does not ap- 
pear to be elevated in ribs, but smooth ; while ths wliolo 
interior, except a crescent aronnd the 
footstalk, is filled with pigment-grains, 
impai'ting a mottled appearance. It is 
remarkable that aU the scales of this form 
liave the foot-stall; turned in under the 
expanse. The example which we are 
considering is from the wliite portion of 
the wing of Pieris Glaucvppe, a line but- 
terfly from China; but a similar sti'uc- 
ture is found in our own Garden Whites, 
and Meadow Browns, {Pieridm and 




Scales taJton from the brilliant 
changeable blue-green patch in the hind- mNaED «.■ Mr of 
wing of Papilio Paris, a fine Indian 
butterfly, have an interesting appeai-ance. They are 
simply pear-shaped in outline, with few longitudinal 
ribs set far apart, and nmnerous strongly-mai-ked eor- 
rugatioi^ running across between them. That these 
are really elevations of the surface, is well seen in some 
scales, even with transmitted light, and a high power ; 
for the slopes of the wrinkles that face the light display 
the lustrous emerald reflection proper to the wing, 
while the transmitted colour of the whole scale is a rich 
transparent red. 

The dimensions of the scales do not bear any 
certain propori;ion to the size of the insect which is 
clothed with them ; those from the broad wings of 
the noble Satumia Atlas, for example, eight or nine 
inches in expanse, being exceeded in size by some 
from those of onr little native Muslin Moth, an inch wide. 
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You will say that what I am about to show yon is a 
lovely object ; biit for its right display I miist use a 
low ma^iifying power, — not higher than a hundi'ed 
diametere, — with the Lieberkulin to reflect the light of 
the miiTor full upon the eurface, Ifc is a small frag- 
ment cut from tlie wing of S^apiUo J^aris, i 
several rows of the scales in their natural aiTai 
The gemmeous radiance of the glittering green scales 
on the black ones, by which they ai-e environed, glares 
out with a splendid effect ; and what is more interest- 
ing, you can trace the manner in which they are set, 
— those of each row slightly overlapping the bases 
of another row, like slates on a roof,— and also tlie 
mode in which they are inserted. The clear horn-col- 
oured membrane of the wing is seen raised in shallow 
transverse steps (if I may use such a term) so that it 
it were divided longitudinally, the edge wouJd ap- 
pear cut into saw-like teeth. Along the margins of 
these lidges are set minute sockets, which are very 
distinctly seen, where the scales have been displaced ; 
in these the tiny footstallis of tlie scales are inserted. 

The little Beetles which we are familiar with under 
the name of Weevils, characterised by their long slender 
snouts, at the end of which they cariy curiously folding 
antennffi, and which constitute the family, OwouUonidm, 
are in many cases clothed with scales, to which they 
owe their colours and patterns. Several of our native 
species display a green or silvery lustre, which under 
the microscope is seen to he produced by oval scales. 
But these are eclipsed by the splendour of many trop- 
ical species ; especially that well-known one from South 
America, whidi is called the Diamond Beetle, and 
scientifically Ervtimihs imperiaUs, firom its unparalleled 
magnificence. 
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A piece of one of tLo wing-cases of this beetle is 
giimraetl to the slide now upon the stage. We look at 
it by reflected light witli a magnifying power of 130 
diameters. "We see a black giound, on which ai'e 
strewn a profusion 
of what look like | 
precious atones blaz- 
ing in the most goi- 
geoiiB lustre. To- 
pazes, sapphires, i 
amethysts, rubie«, 
emeralds seem heie 
sown broadcast; and 
yet not wholly with- 
out regularity, for 
there are broad 
bands of tbo deep black surface, where there are no 
gems, and, though at considerable divei-sity of angle, 
they do all point witli more or less precision in ono 
direction, viz. tliat of the bands. 

These geme are flat transparent scales, very regu- 
larly oval in form, for one end is ratlier more pointed 
than the other ; there is no appearance of a footstalk, 
and by what means they adhere, I know not ; they are 
evidently attached in some manner by the smaller ex- 
tremity to the velvety black surface of the wing-case'. 
The gorgeous colours seem dependent in some measure 
on the reflection of light from tlieir polished surface, 
and to vary according to the angle at which it is re- 
flected. Green, yellow, and orange hxies predominate ; 
crimson, violet, and blue are rare, except upon the long 
and nan'ow scales that border the suture of the wing- 
CE^es, where these colours are the chief reflected. Yet 
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there appears to bo some positive colour ia their sub- 
stance; for ill these latter scales, which projecting be- 
yond tlie edge of the wing-case can be examined as trans- 
parent objects, and that with a high power, the trans- 
mitted light ia richly coloured with the same tints as 
the same seal^ displayed under the Liebei'kuhn. 

"We may derive pleasant inetnietion from continuing 
our observations on a few other wings of insects. If 
yon have ever thought on the subject, you have pro- 
bably taken for granted that the various sounds pro- 
duced by insects are voices tittered by their mouths. 
But it is not so. No insect has anything approaching 
to a voice. Vocal soimds are produced by the emission 
of air from the lungs variously modified by the organs 
of the mouth. But no insect breathes through its 
mouth ; no air is expelled tlience in a single species ; it 
is a biting, or piercing, or sucking organ ; an organ for 
the taking of food, or an organ for oii'enco or defence ; 
but never an organ of sound. 

The wings are in most eases the immediate causes 
of insect sounds. On this subject you will read with 
pleasure some very interesting remarks by the learned 
Mr. Kirby, incLuiring, " by what means these sounds 
are produced." 

" Ordinarily, except perhaps in the case of the gnat, 
they seem perfectly independent of the will of the ani- 
mal ; and, in almost every instance, the sole instruments 
that cause tlie noise of flying insects are their wings, or 
some parts near to them, wliich, by their friction 
against the trunk, occasion a vibration — as the fingers 
upon the strings of a guitar — yielding a sound more or 
less acute in proportion to the rapidity of their flight, 
the action of the air perhaps upon these organs giving 
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it some modifieationa. Wtether, in the beetles that 
fly with noise, the elytra [or wing eheaths] contribute 
more or less to produce it, seems not to have heen 
clearly ascertained ; yet since tliey fly with force as 
well as velocity, the action of the air may cause some 
motion in them, enough to occasion friction. With re- 
spect to Diptera, Latreille contends that the noise of 
flies on the wing cannot he the result of friction, hecause 
their wings are then expanded ; but though to us flies 
seem to sail through the air without moving these or- 
gans, yet they are doubtless all the while in motion, 
though too rapid for the eye to perceive it. When the 
apMdivorous flies are hovering, the vertical play of 
their wings, though very rapid, is easily seen ; but 
when they fly off it is no longer visible. Eepeated ex- 
periments have been tried to ascertain the cause of 
sound in this tribe, but it should seem with different 
results. De Geei', whose observations were made upon 
one of the files just mentioned, appears to have proved 
that, in the insect he examined, the sounds were pro- 
duced by the friction of the root or base of the wings 
against tlie sides of the cavity in which they ai'e inserted. 
To be convinced of this, ho affirms, the observer has 
nothing to do but to liold each wing with the finger 
and thumb, and, stretching them out, taking care not 
to hurt the animal, in opposite directions, thus to pre- 
vent their motion — and immediately all sound will 
cease. For further aatisfaction he made the following 
experiment. He first cut off the wings of one of these 
flies very neai' the base ; but finding that it still con- 
tinued to buzz as before, he thought that the winglets 
and poisers, which he remarked were in a constant 
vibration, might occasion the sound. Upon this, eut- 
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ting "both off, lie examined the mutilated ily witli a mi- 
croscope, and found that the remaining fragments of 
the wings were in constant motion all tlie time that the 
buzzing continued ; hut that by pullhig them up hy 
the roots, all sound ceased. Shelver's experiments go 
to prove, with respect to the insects that he exam- 
ined, that the wingleta are more particularly coneeniod 
with the buzzing. Upon cutting off the wings of a fly 
—-but he docs not state that he pulled them up hy the 
roots— he found the sound continued. He next cut off 
the poieers — tlie buzzing went on. This experiment 
was repeated eighteen times with the same result. 
Lastly, when he took off the winglots, cither wholly or 
partially, the buzzing ceased. This, however, if cor- 
rect, can only be a cause of this noise in the insects 
that have winglets. ^Numbers have them not. He 
next, therefore, cut off the poisers of a crane-fly {Tipula 
erooata), and found that it buzzed when it moved the 
wing. He cut off half the latter, yet still the sound 
continued ; but when he had cut off the whole of these 
organs the sound entirely ceased." * 

There is a pretty httle beetle {Olytu^, not uncom- 
mon in simimer in gardens, remarkable for the brilliant 
gamboge-yellow lines across its dark wing-cases, which 
malies a curious squeaking soimd when yoii take it in 
your hand. You think it is crying ; but if you care- 
fully examine it with a lens wlule the noise is uttered, 
you will perceive that the canse is the grating of 
the thorax against the front part of the two wing- 
cases. Several other beetles produce similar sounds 
when alarmed, by rubbuig the other end of the wmg- 
sheaths with the tip of the abdomen. Many of 

* Introd. to Entom. Lett. Kxiv. 
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those genera whicli feed on ordure and carrion do 
this. 

But the noisiest of all insects are those of the classes 
Orthoptera and HoTrwptm-a, the Crickets and Grasshop- 
pers, and the Treehoppers. And these shall bring us 
back to our microscope, to which we shall return with 
the more zest, after this little interval of repose for our 
strained eyes. 

Listen ! we hear coming up the Idtchen-atairs, the 
fitridnloue chirping of the Honse-crieket {Acheta do- 



" The cricket chimips on the hearth." 

The cook shall catch us one for investigation. " Please 
sir, here's the crickets : here's half a dozen on 'em. I 
don't like 'em, I don't ; nasty noisy varmint !" Thank 
you, cook ; we'll tiy and turn them to some useful pur- 
pose to-day, at least. 

Now, you see, each of the upper wings or wing-cases 
has a clear space near the centre, of a triangular form, 
crossed by one or two slender nervnres. This space 
has received the name of the tympanum or drum. It 
is bounded externally by a broad dark nervure, which 
with a low power we see is scored with three or four 
longitudinal fuiTOWS, of course separated by as many 
homy ridges. In front of the cleai- drum, and form- 
ing a curved base to the triangle, there passes across 
a homy lidge, tapering outwards, which is roughened 
throughout its length by close-set teeth exactly like a 
file. When the insect chooses to be musical it partially 
opens and closes its wing-sheaths, causing the two files 
to rub across each other ; and this gives rise to the 
peculiar ringing vibration the intensity of which is 
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heightened bj the tense " drum" acting ae a sounding- 
hoard. 

Bo at least some say ; bnt M, Gonreau, who haa 
published some elaborate observations on the chirping 
of insects,* asserts tliat the sound is chiefly owing to 
the action of the " file" (which ho calls the " bow") on 
the longitudinally-ridged nervure, which he calls the 
" trebl&«truig," 

We see in thia individual, that is so obliging as to 
produce what cook calls its "nasty noise" before us, 
that he elevates the -wing-sheatlis so as to form an acuto 
angle with the body, and then rubs them together with a 
very brisk horizontal motion ; hut which of the nervures 
it is that actually produces the sounds, it would require 
a very careful and elaborate series of experimental re- 
searches to determine. It has been asserted that the 
legs play a part in the music by being rubbed against 
the bows ; this, however, seems improbable from their 
relative position. 

In the Southern United States, I have had opportu- 
nities of seeing and of hearing a very noisy performer 
of the Gryllus tribe, called the Katedid (PierophyUa 
conca/vd), which sings through the night in the foliage 
of the trees. The sounds, reiterated on every side, re- 
semble a score or two of quarrelsome people with shiill 
voices, divided into pairs, the individuals of each paii- 
squabbling with each other ; " I did ! " " You didn't 1 " 
" I did ! " " You didn't ! " the objurgation maintained 
with the most amusing pertinacity, and without a 
moment's intermission. Here the wing-sheaths, which 
are lai'ge and as it were inflated, are certainly the or- 
gans of sound. A poi-tion of each is turned, at right- 
* Ann. Soc. Ent. de France. 
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angles to the i-emamdcr, over the back, so that the one 
partly overlaps the other. The muBical organ consists 
of a hard glassy ridge in front, behind which is a trans- 
parent membrane, which appeal's tightly stretched over 
a semicireular rim, like the parchment of a drum, an- 
swering in structure and in function to the part so com- 
pared in the cricket. 

This Gryllus I found would crlnk freely, when held 
in my fingers, provided I held it by {lie head or thorax, 
so as not to interfere with the freedom of the wing- 
cases; though these needed only to be partially opened, 
the bases being merely slightly separated without af- 
fecting the general contiguity. The two glassy ridges 
were nibbed across each other, making the sharp crinfe. 
Ordinarily this was done thrice, three distinct but 
rapid crossings making the sound represented by tlie 
word " Katedid ; " but occasionally the insect gave hut 
a single impulse, nttering as it were but one syllable of 
the word. 

The Locusts and Grasshoppers, however, do, it ap- 
pears, malio use of tlicir hind legs in producing their 
crink. If you look at this Grasshopper's leg, yon will 
seo that the thigh is marked with a number of trans- 
verse overlapping angular plates, and that the shank 
carries a series of short homy points along each side, 
Tlie insect when it crinks, brings the sliank np to its 
thigh, and rubs both to and fro against the wing-sheaths, 
doing this by turns with the right and left legs, which 
causes the regular breaks in the sound. The drum, on 
which this rubbing vibrates, has been described by the 
anatomist, De Geer : — " On each side of the first seg- 
ment of tlie abdomen," says he, " immediately above 
the origin of the posterior thighs, there is a consi- 
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derable and deep apertui'e of rather an oval form, 
which is partly closed by an iiTegiilar iiat plate or op- 
erculum of a hard substance, but covered by a wrinkled 
flexible membrane. The opening left by this opercu- 
lum is semilunar, and at the bottom of the cavity is a 
white pellicle of considerable tension, and shining like 
a little mirror. On that side of the aperture which 
is towards the head there is a little oval hole, into 
which the point of a pin may be introduced without 
resistance. When the pellicle is removed, a large cav- 
ity appears. In my opinion this aperture, cavity, and 
above all the membrane in tension, contribute much to 
produce and augment the sound emitted by the grass- 
hopper," * 

In this case we may without hesitation conclude 
that the friction of the thigh-plates and shank-points 
on the rough edges of the wing-cases, produces the 
musical vibration of the tense membrane, as rubbing 
a wet glass with the finger wiU yield a loud musical 
note. 

Tlie most elaborate contrivance for the production 
i among the Insect races, however, is found 
y the Cicadas, celebrated in classical poetiy aa the 
veiy impersonations of song and eloq^uence. I regi-ot 
I cannot show you this apparatus ; for though we have 
a British species, — lately discovered in the New forest, 
— ^it is very rare. Should you travel, however, either 
in the old or new world, you will have abundant op- 
portunities of using your microscope to verify the fol- 
lowing description by our prince of entomologists, Mr. 
Kirby. 

" If you look at the under side of tlie body of a 
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male, the first tiling that will stiike you is a pair of 
large plates of an irregiilai- form — in eome eemi-oval, in 
others triangular, in others again a segment of a cii-cle 
of greater or less diameter — covering part of the belly, 
and iftxed to the trunk between tlie ahdomen and the 
bind legs. These are the drum-coYera or operenla, 
from beneath which the sound issues. At the base of 
the posterior legs, jnst above each operculum, there is 
a small pointed triangular process, the object of which, 
as E^aumur supposes, is to prevent thom from being 
too mueli elevated. When an operculum ia removed, 
beneath it yon will find on the exterior side a hollow 
cavity, with a mouth somewhat linear, which seems to 
open into the interior of the abdomen : next to this, on 
the inner side, is another large cavity of an irregular 
shape, the bottom of which is divided into iliree por- 
tions ; of these the posterior is lined obliquely witli a 
beautiful membrane, which is very tense — in some 
species serai-opaque, and in other transparent — and re- 
flects all the colours of the rainbow. This miiTor is not 
the real organ of sound, but is supposed to modulate it. 
The middle portion is occupied by a plate of a homy 
substance, placed horizontally, and forming the bottom 
of the cavity. On its inner side this plate teiTninates 
in a earina or elevated ridge, common to both drams. 
Between the plate and the after-breast {^osbpectxis) an- 
other membrane, folded transversely, fills the oblique, 
oblong, or semilunar cavity. In some species I have 
seen this membrane in tension ; probably the insect 
can stretch or relax it at its pleasure. But even all this 
apparatus is insufficient to produce the sound of these 
animals ; one still more important and curious yet re- 
mains to be described. This organ can only be discov- 
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ered hy dissection. A portion of the iiret and second 
segments being removed from that side of the back of 
the abdomen which answers to the drams, two bundles 
of muscles meeting each otlier in an acute angle, at- 
tached to a place opposite to the point of the m-tiGro of 
the first ventral segment of the abdomen, will appear. 
In R6aumur's specimens, these bundles of muscles 
seem to have been cylindrieal ; but in one I dissected 
{Cicada Capensis) they were tubiform, the end to which 
the true drmn is attached being dilated. These bun- 
dles consist of a prodigious number of muscular fibres 
applied to each other, but easily separable. "Whilst 
Keaiimur was examining one of these, pulling it from 
ita place with a pin, he let it go again, and immediately, 
though the animal had been long dead, the usual sound 
was emitted. On each side of the drum-cavities, when 
the opercula are removed, another cavity of a lunulate 
shape, opening into the interior of the abdomen, is ob- 
servable. In this is the true drum, the principal organ 
of sound, and its aperture is to the Cieada what oar 
larynx is to us. If these creatures are unable them- 
selves to modulate their sounds, here are parts enough 
to do it for them : for the mirrors, the membranes, and 
the centi'al portions, with their cavities, aU assist in it. 
In the cavity last described, if you remove tho lateral 
part of the first dorsal segment of the abdomen, you 
will discover a semi-opaque and nearly semicircular 
concavo-convex membrane with transverse folds ; this 
is the drum. Each bundle of muscles, before men- 
tioned, is tenninated by a tendinous plate nearly circu- 
lar, from which issues several little tendons that, forming 
a thread, pass ilirough an aperture in the homy piece 
that supports the drum and are attached to its under or 
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concave surface. Thus the bundle of muselee being al- 
ternately and briskly relaxed and contracted, will by 
its play draw in and let out the drum : so that its con- 
vex surface being thus rendered concave when pulled 
in, when let out a sound will be produced by the eiFort 
to recover its convexity ; winch, striliing upon the mir- 
ror and other membranes before it escapes from nnder 
tlie operculum, will be modulated and augmented by 
them. I should imagine that the muscular bundles are 
extended and contracted by the alternate approach and 
recession of the trunli and abdomen to and from each 
other. 

" And now, my friend," adds the excellent author, 
" what adorable wisdom, what consummate art and 
shill are displayed in the admirable contrivance and 
complex structure of this wonderful, this unparalleled 
apparatus ! The great Creator has placed in these in- 
sects an organ for producing and emitting sounds, 
which in the intrieaey of its construction seems to 
resemble that which He has given to man and the 
larger animals for receiving them. Here is a cochlea, 
a Tiwatus, and, as it would seem, more than one tym- 



In some instances the sounds of insects more nearly 
approach the chai'acter of true voices ; at least so far 
as they are produced by the emission of air from the 
breathing organs. One of the most eminent of conti- 
nental entomologists, Dr. Burmeistex', tells us so. 
Finding that the buzK of a large fly {EdstaMs tenms) 
still continued after the winglets, the poisers, and even 
the wings, had been quite cut off except their stumps 
(only in the last case the sound was somewhat weaker 
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and higlicr) he conceived that the Bpii'acles lying be- 
tween the m£So- and meta-thorax mnet be the instru- 
ments of the sound ; wWcb, accordingly, he found to 
cease entirely when they were stopped with gam, 
though while the winga were in vibration. Pursuing 
his reseai-ches, lie extracted one of these spiracles, and 
opening it earefnllyj found its posterior and inner lip, 
which is directed towards tlie commencement of the 
trachea, to be expanded into a small, flat, crescent- 
shaped plate, npon which are nine parallel, very deli- 
cate, homy laminEe, the central one being the largest, 
while those on each aide become gi'aduaUy smaller and 
lower ; so it is, he is persuaded, in consequence of the 
air being forcibly driven out of the trachea and touch- 
ing these lamime that they are made to vibrate and 
sound, precisely in the same way with the glottis of the 
la/iynx. Dr. Eunneister (who remarts that Chabrier, 
in his Esaai sur le Vol des Insectes, p. 45, &c., has also 
explained tlie hum of insects as produced by the air 
streaming from the thorax during flight, and also speaks 
of laminfe which lie at the aperture of the spiracles), in 
order to be certain that the lamina in question in the 
posterior spiracles of the tliorax are alone concerned in 
producing sound, also inspected the anterior ones, but 
without finding in them any trace of these lamina. 
He explains the weaker and sharper tones produced 
when the wings, all but the very roots, are cut off, as 
resulting from the weaker vibrations of the contracting 
muscles, and consequently less forcible expnlsion of the 
air when the vibratory organs are removed ; and he 
thinks with Chabrier that some air may escape through 
the open trachem of the wings which are cut off. 
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ThoTigli lie regards these laminEe as the cause of liiim- 
ming in bees and flies, he does not decide that other 
causes may not produce the buzz of cockchafersj &c., in 
the thoracic spiracles of which he could not (" 
them.* 
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CHAPTEK VI. 

INSECTS : THElli BKEA-miNG OiiGAHS. 

In order to underetand the passage last quoted from 
Bunneister, you ought to know something of the man- 
ner in which breathing ie performed among inseets. 
Essentially, breathing is the same function, wherever 
it oceure ; and it does occur, doubtless, in all animals 
under some form or other. It is the absorption of oxy- 
gen from without to the fluids within, to repair the 
waste constantly produced by vital energy. But it 
may he obtained from different sources, and imbibed in 



All insects in the perfect state ai-e air-breathers ; 
that is, they procure their oxygen from the air as we 
do ; and most of them are so in their earlier stages. 
Even in exceptional eases, viz., such la^'vie or pup^e as 
are provided with what represent gills, and appear to 
be dependent on the watei" for their respiration, the 
exception is rather apparent than real, for the function 
is performed in air-vessels still. !Now these air-vessels 
shall afford ua some interesting microscopical obser- 
vations. 

This brown fly, which is buzzing and hovering on, 
invisible wings over the flowers in the garden, you 
perhaps take for a bee. I^o ; it has but two wings ; 
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for I have cattglit it, and you may ascertain the fact 
for yourself ; it belongs to the gemis SyrpJvus. Hav- 
ing caught it, I deprive it of life by means of tho very 
organs I am going to examine, for I turn a tumbler 
over it and insert under the edge a lighted lucifer- 
match. In a few seconds it is dead, — suffocated ; for 
phosphoric and sulphuric acids introduced into the 
breathing tubes quickly desti'oy life. I presently take 
it out, and putting it into a dissectiag-trough under a 
lens, cut up the abdomen with a pair of fine pointed 
BcisBors. Then I pin open the divided abdomen to the 
bottom of the trough, which is coated with wax for the 
piu'posc ; and, looking at it with the lens — but you 
shall look for yourself. 

"Well, you see httle else but the polished brown 
walla of the body and a number of fine white threads. 
It is those threads that wc want. "Witli a small camel's 
hair pencil I move them to aud fro in the water, and 
soon perceive tliat they are like little trees with com- 
paratively thick trunks, sending off many bi'anchea, and 
gradually becoming excessively slender. Here and 
there short thick branches break out on two opposite 
sides, and on each side are connected with the wail of 
the abdomen. Here then with the fine scissors I snip 
them across, and lift iip a portion with the hair pencil 
into a drop of water which I ]iave already put into 
the live-bos. The cover now flattens the drop, spreads 
tho white threads,— and the object is ready for our 
eye. 

We have before us a considei-able portion of the 
tracheal system of the fly. And though, owing to the 
involution of the pai-ts and the injury our rude anatomy 
has done, we cannot trace the beautiful regularity 
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whicli exists in life, we may see tlie principle on which 
they are arranged, and much of the perfection with 
which they arc constructed. 

Here then is a system of pipes, — some lai'gc, some 
small ; the emaller branching forth from the large, 
and themselves sending off yet smaller branches, which 
in their turn divide and subdivide until the final rami- 
fications are excessively attenuated. Besides these, we 
see hero and there ovate or barrel-shaped reservoirs, 
having the same appearance and intimate structure as 
the pipes, but of much larger calibre and connected 
with them by a branch. 

This, I eay, is the breathing system, or a large por- 
tion of it. These pipes receive the air from without 
through ti-ap-doors, which we will examine presently, 
and convey it to the moat distant parts of the body. 
In ourselves the air is inhaled into a great central reser- 
voir, the lungs, and the blood dispersed through every 
part is brought to this reservoir to be oxygenated. Li 
insects it is the blood that is collected into a great 
centi-al reservoir, and the air is disti-ibuted by a mi- 
nutely divided system of vessels over the blood-reser- 
voir. 

The trachea or air-pipes have a silvery white ap- 
pearance by reflected liglit ; but if we use transmitted 
light and put on a high power, we discern a wonderful 
structure, which I will describe in the eloquent lan- 
guage of Professor Kymer Jones, and you shall estimate 
its truth as you examine the object : — 

" There is one elegant arrangement connected with 
the broatiiing-tubes of an insect specially worthy of ad- 
miration ; and perhaps in the whole range of animal 
mechanics it would he difficult to point out an example 
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of more cxq^nisite meclianism, whether we consider the 
object of tlie contrivance or tlio temarkable beauty of 
the stnicture employed. The air-tubes tliemaelv^ are 
necessarily extremely thin and delicate ; bo that on the 
slightest pressure their sides would inevitably collapse 
and thus completely put a stop to the passaj^e of air 




through them, producing, of course, tho speedy suffoca- 
tion of the insect, had not some means been adopted to 
keep them always peraieable ; and yet to do so, and at 
the same time to preserve their softness and perfect 
flexibility, might seem a problem not easily solved. 
The plan adopted, however, fully combines both these 
requisites. Between the two thin layers of membrane 
which form the walls of every air-tube, a delicate elastic 
thread (a wire of exquisite tenuity) has been interposed, 
which, winding round and romid in close spirals, forms 
by its revolutions a cylindrical i>ipe of sufficient firm- 
ness to preserve the air-ve^els in a permeable condi- 
tion, whilst at the same time it does not at all interfere 
-with its flexibility ; this fine coil is continued through 
every division of the trachem, even to their most minute 
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ramifications, a ebaracter whereby these vessels arc 
readily distingiiisliable when examined under the mi- 
croscope.* 

Man has imitated this exquisite contrivance in the 
spiral wire spiTng which lines flexible gas-pipes; bnt 
Ms wire does not pass between two coats of membrane. 
One of the most interesting points of the contrivance 
is the way in which the branches are (so to speak) in- 
serted in the trunlt, the two wires imiting without leav- 
ing a blank. It is diificnlt to describe how this is 
done ; hut by tracing home one of the ramifications 
you may see that it is performed most accurately, — 
the circumvolutions of the trunk-wire being crowded 
and bent round above and below the insertion (like the 
grain of timber aixiund a knot), and the lowest turns of 
tlae branch-wne being suitably dilated to fill up the 
hiatus. 

You must not suppose, however, that the whole of 
one tube is fonned out of a single wire. Just as in a 
piece of human wire-work the structure is made out of 
a certain number of pieces of Hraited length, and join- 
ings or intei'lacings occur where new lengths are intro- 
duced, so, sti'ange to say, it seems to be here. It is 
strange, I say, that it should be so, when there can be 
no limit to the resources, either of material, or skill to 
use it ; but so it is, as you may see in this specimen, 
which has been dissected out of the body of a silkworm. 
The spiral is much looser here than in the au-tube of 
the fly, the turns of the wire being wider apart ; and 
hence its structm'e is much more easily traced. Here 
you SCO in many places the introduction of a new wire, 
5 commencing with the most fine-drawn point, 
» Kat. Hist, of AniiQ, i, 6. 
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but presently taking its place wltli the rest so as to be 
undistingtiiBhable from them. In some cases certainly 
(perhaps this may be the explanation of the phenome- 
non in all) the wire so introduced may be found to ter- 
minate with the like attenuation before it has made a 
single volution, and seems to bo inserted when the per- 
manent curvature of the pipe would leave the wires on 
the outer side of the curve too fai- apart, half a turn, or 
even much less, then being inserted of supernumerary 
wii'e. 

I told you that the air enters these tubes thi'ough 
certain " trap-doors." This is not the term which the 
physiologist employs, certainly ; he calls tliem spiracles. 
In our own bodies tlie air enters only at one spiracle, 
a ciu'iously defended orifice opening just in front of the 
gullet at the back of the mouth. But in the class of 
animals we are now considering there ai-e a good many 
such breathing orifices. You may see them to great 
advantage in any large caterpillar, the silkworm for 
example, whei-e all along the sides of the peai-1-gi-ey 
body you perceive a row of dots, which with a lens 
you discover to he little oval disks sunken into little 
pits, of a black hue with a white centre, through 
which is a very slender slit. There ai'e nine of these 
organs on each side, a pair to each segment or divis- 
ion of the body, with the exception of the first, which 
is the head, and of the third and fourth, which are 
destined to beai' the wings ; these are destitute of spir- 



■, these organs, under whatever modifica- 
tions of form and position they may appear, have the 
same structure. They are narrow orifices, with two 
lips capable of being opened at the will of the animal, 
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or accurately closed ; and in many soft-skinned insects, 
eueli as the silkworm, and most larvte, tlioy are set 
m a liomy ring, by wlncli me'ins tliey are prevented 
lioni eoUipsing, tlirougli the unresisting character 
ot the general integument The opening and shut- 
ting of them IE peifoimed bj an internal apparatus of 
muhtlcs, \Uiicli I'f sometimes strengthened by being 
tt I I I I liunj plates, Tiliieh project inwardly. 
But the most curious thing 
to bo noted in the structure 
of these spii"acles is tlio con- 
tin ance which iuduccd me to 
call them trap-doors. Small 
as are their openings, they 
aie still large enough to ad- 
mit many floating particles 
ot dust, soot, and other extra- 
neous matters, which would 
tend to clog up the delicate 
an passages, and to impede 
the right peifonnance of their 
impoitant functions. Hence 
they need to he guarded with 
some sort of sieve, or filter, 
whicli, -while admitting the air, shall exclude tlie dust. 

Various and beautiful are the modes iu which this 
common pni'pose is effected, but I can show you only 
two or three. This is one of the breathing orifices of 
the common House-fly, in which, as you see, minute 
processes grow from the margin all round, which ex- 
tend partly across the open area, branching and rami- 
fying again and again, and spreading and interlacing 
with those of the opposite side, so as to form a perfect 
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Bieve, which the finest atoms of dust cannot pene- 
trate. 

The same end is attained, in another way, in the 
dirty cylindrical grub, which is found so abundantly at 
the roots of grass in pasture lands, and which country 
folk call, from the toughness of its skin, " leather-coat." 
It is the larva of the Crane-fly {Tipula 
famUiar to us under the soulmquet of Daddy ] 
I can easily procure one of these, for, unfortunately, 
they are hut too ubiquitous. Here is one, who shall 
Lave the honour of being martyred for the benefit 
of science. Before we assassinate him, however, just 
look here, at the hinder extremity of liis body, where 
there is an area, smTounded and protected by several 
points, and in tliis area, two black spots. 

"With the dissecting-scisaors I have carefully cut out 
one of these specks, and now I put it under the Lieber- 
kuhn, for illumination on the stage of the microscope. 
There is, first of all, a dark homy ring of an oval figme, 
a little way within which there is an opaque, dark plate 
of the same figure, but smaller, occupying the central 
portion of the area. The space between the mai'gin of 
the plate and the bounding ring is occupied by a series 
of slender filaments, placed side by side, proceeding 
from one to the other, through the interstices of which 
the air is filtered. The central plate seems to be quite 
imperforate. 

Tbe fat, thick-bodied grubs of those beetles called 
chafers, exhibit, in their spiracles, a modification of this 
structure, rendered still more elaborate. In tlie case 
of the larva of the common Cockchafer {Mdolontlm 
vulgaris), for example, the centi-al plate is a projection 
from one side of the mai'gin of the spiracle — to use a 
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geographical simile, we may eay that, instead of being 
an island in the midst of a lal^e, it is a promontory. 
, ThtiSj the breathing space is a 
( crescent- shaped hand, wliich is 
j crossed in every part by bars 
ag from tlie margin to the 
I projecting plate. But, as if tlio 
I intei-stices left by these bars 
I would be too coarse for the pnr- 
je, they are further siihlimat- 
] ed by a membrane, -which is 
I stretched across them, and 
which is pei-forated with a num- 
ber of excessively minute round 
holes, through which alone the air is admitted. 

In many of the two-winged flies, which inhabit the 
water m thi!ir earlier stages, there are some interesting 
contrivances and modifica- 
tions connected with the or- 
gans of respiration. It is ne- 
cessary that the orifices of 
the air-tubes should be 
brought at intervals to the 
surface of the water, in or- 
der to come into contact 
with the external air ; while, 
at the same time, it is im- 
portant that as small a por- 
tion as possible of the ani- 
mal's body bo exposed to 
danger, by being protruded from its sheltering clement. 
An example in point you may see in tliis vase. 

Here is a slender womi, an inch and a half in 
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length, thickest a little behind tho head, and tapering 
gradually to a lengthened tail, the twelve Begmenta of 
the body being very eonspicuous. It swims up and 
down or to aud fro in the clear water, with a not 
very rapid, wriggHng movement, throwing its body 
alternately from side to side in the form of the let- 
ter S. 

This is the maggot of a handsome dipterous ily, 
6ometimcs called the Ohamolcon-fly {St/raiiom/ys cliam- 
(deon). There is much about it to reward observation 
and careful examination with a low magnifying power, 
especially the head, with its pointed snout, and its pair 
of foot-lite palpi. These are situated one on each side 
of the head, aro three-jointed, the last joint being 
studded with short stiff spines, and the second having a 
thumb-like projection. "With these organs, the grub 
roots and burrows among the decaying vegetable mat- 
ter at tlie bottom for its food ; and when not so engaged, 
they are often rapidly vibrated in a singular manner, 
the sight of which might induce a feeling of fear, as if 
they were threatening weapons of offence, — a pair of 
poisonous stings, for instance ; they have, however, 
no such function, the poor grub being perfectly hai-m- 
less. 

"What I wish you chiefly to observe, however, is the 
tail, with its curious organization. With the naked 
eye, you can perceive that the last joint is much slend- 
erer and more lengthened than the ri^t, and that it is 
tipped with a beautiful crown of feathei-s, like tlic 
diadem of some semi-savage prince. This is best seen 
when the animal comes to the surface, which it always 
does tail uppermost, for as soon as the tip reaches 
the air, tlie plumes instantly open, and form an ex- 
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quisitc cone or funnel, from which, eveiy drop of 
moisture is excluded, though the water stands around 
at the level of the brim. A few seconds it remains 
motionless thus, the whole hody hanging downwards, 
suspended from the caudal coronet, then suddenly the 
tips of the plumes curve mward toward each other, 
inclosing a glohule of air, and the animal wriggles 
away into the depths, carrying its hurden, like a pearl, 
or a glittering bubble of quichsilver, behind it. 

This you may observe with the unassisted sight, 
and you may mark, also, how, from time to time, a por- 
tion more or less, of the bubble of gleaming air is in- 
haled or exphed by the animal, causing a diminution, 
or increase of its volume ; and this of itself would con- 
vince you that it is the spiracles of the animal which 
are thus protected. 

The application of a low magnifying power, say 
from thirty-five to fifty diameters, for we can hardly 
use a higher magnification than this to the animal while 
alive, will reveal a few more of the details. 

"We see, then, that the extremity of the last segment 
forms a circular disk hollowed in the centre, where it is 
perforated with the two orifices of the air-pipes. The 
margin of this disk carries about tliii-ty stiff but slender 
spines or bristles, some of which are branched in a 
forked manner. Each bristle hears, on its two opposite 
sides — viz., on those aspects which face the next hristlo 
on either hand, — two series of not very close-set branch- 
lets, set like the plumes of a feather, or the pinnee of a 
fern-leaf, which give it the elegant plumose appearance 
which the unassisted eye recognises. The bristles have 
a granulose surface near the extremity, and terminate in 
fine points. 
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The eiirious faculty of repelling water, whieli Hie 
interior surface of tMs plumy coronal possesses, is of 
the highest valne in the economy of the insect ; for, on 
the one hand, it permits the hreathing orifices to be 
brought into contract witli the air, even when nearly a 
quarter of an inch below the surface ; and on the other 
hand, it allows the volume of air inclosed within the 
funnel to be perfectly isolated and carried securely 
away, as a reservoir for the wants of the animal, when 
engaged in its avocations 
of necessity or pleasui'e, in 
the recesses of its snb- 
aqnatie groves. It is re- 
markable that so complete 
is this repellent power, that 
when the tail is at the snr- 
faee, the animal may make 
a very perceptible descent 
without breaking the con- 
tinuity of the air, the sur- 
face presenting the curious 
phenomenon of a deep fun- 
ncl-sliaped dimple leading 
down to tlie tail of the 
animal. 

The chameleon-fly is 
not, however, 80 abundant 
and so nnivereally distrib- 
uted aa that you may al- 
ways calculate npon being 
able to repeat these obser- 
vations when you will. I shall, therefore, show you an 
!e, much more easily obtained. Both 
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are inhabitants of our fresh waters : the chameleon-grub 
lives in ponds, crawling among the stems of ac[natic 
plants, and occasionally Tisiting the surface in tlie man- 
ner you have seen ; hut it is precai'ioos — ^in some sea- 
sons not uncommon, in others, scarcely to he met with 
by the most persevering search. For my next specimen, 
I have hut to go with a basin to the water-butt in the 
yai'd, and talie a dip of the surface-water at random ; I 
shall bo pretty sure of a score at least. 

Here they are swarming, as I toid you. What, 
those things ? why, they are gnat-gi'ubs. Well, don't 
despise them, you will find them woi-th looking at. I 
dare say you have never submitted them to half-au- 
hour's microscopical examination. I have caught one 
with a spoon, and put it into this narrow glass trough 
of water that it may rest conveniently on the stage. 

"We will take a cursory glance at its entire person. 
Here is a flat, roundish head, a great globose, swollen 
thorax, and a long, slender, many-jointed body, ending 
in a curious fork. But all is curious ; — the head, with 
its homy transparency ; its pair of rod-like anternxfe, 
covered with minute points ; its two black eye-patches ; 
and its jaws, beset with strong, curved hairs, set in 
radiating rows, and, ever and anon, working to and fro 
with the most rapid vibrations : — ^the thorax, — so trans- 
parent, with its amber-Kke clearness, that you can dis- 
cern the dorsel vessel, which contains the hlood ever 
dilating and collapsing with the most beautiful regular- 
ity ; and, beneath this, the gullet, through which, now 
and then, descends a dark pellet of food, to join the 
mass already lodged in the stomach farther down,— a 
r^nlt, by the way, that explains that incessant vibra- 
tion and pumping motion of the mouth-organs, which 
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thus evidently are engaged in collecting food from the 
water ; though, even with this power, we can see no 
solid matter taken in, till we diecem it agglomerated in 
the swallowed pellets : — the body, or abdomen, with its 
ten joints, all (with a slight exception) the countei'parts 
of each other ; and each carrying its own dilatation of 
the dorsal vessel, and its own portion of the long and 
well-filled intestinal canal : — all these, I say, are very 
interesting and curious to observe ; especially when wo 
select, as I have done, a young individual for examina- 
tion ; since the tissues then possess a transluceney 
which is essential to our seeing with distinctness any- 
thing of the internal organization, but which soon 
gives place to opacity, as the insect advances in age. 

Very cui-ious, too, are the haii's with which the 
whole surface of the animal is furnished at certain de- 
terminate points. But these ai'o seen to more advan- 
tage in an older specimen ; for, in this one of tender 
hours, they are nearly simple ; whereas, in an opaque, 
nearly full-grown individual, every hair is seen to bo 
studded with secondary points, that project from its 
surface throughout its length. These haii's are arranged 
in beautiful radiating pencils or tufts, and scattered, as 
I have said, at definite points over the whole body ; — 
there is a tuft on each antenna ; one on the forehead ; 
one in front of each eye-spot ; several circles of them 
set roimd the thorax ; one circle of scanty pencils set 
round each segment of the body, and a few smaller 
tufts scattered about besides ; all of tlicm springing 
from minute round warts. 

The extremity of the abdomen deserves, however, a 
separate investigation, and we will now direct our at- 
tention to the tail-cud of our tiny grub. Thei'e are ten 
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segments to the abdomen ; at the eighth, it eeems to 
divide into two branches, one longer than the otlier. 
This appearance, however, is due to the circumstance 
that the respiratory tube is sent forth from the eightli 
segment, and that the ninth and tenth segments are 
bent away at an angle from the general line of the 
body. 

The ninth segment is very small : the tenth is equar- 
ieh, with rounded comers, and is brought to a thin 
edge. Around the margin there is the most exquisite 
array of hairs possible ; at one eomer there are three 
pencils ; while round the opposite, and down the cor- 
responding side, run in two rows twelve pencile, set 
very close to each other, and each containing a large 
number of very slender hairB. The extreme end of the 
segment is ornamented with four diverging organs of 
taper conical form and crystalline clearness, through 
the midst of each of which passes a very fine branch of 
the air-tuhe system, which gives off still more at- 
tenuated branehlets in its course. 

We have not yet, however, examined the origin 
of this air-breathing system. There is but one en- 
trance to the air, or rather two placed close together, 
at the end of that round column, which is sent off from 
the eighth segment of the abdomen. This column, 
which is roughened all over with minute points, and 
fi-inged with rows of hairs, ends in a homy, conical 
point, which seems entu-e while under water, but no 
sooner does it come to the surface, than it is seen to 
spKt into five triangular pieces, which open widely, and 
expose a hollow, at the bottom of which are the two 
spiracles. 

From these the two main air-pipes are seen to com- 
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menee and to proceed along the centre of the column, 
tlienee into the abdomen, which they traverse one 
along each side, sending off slender branehlcts all along, 
and becoming more and more attenuated themselves ; 
til!, at lengtli, we trace them into the thorax, and tlience 
through the slender neck into the bead itself, nntil they 
terminate in fine points close to the back of the month. 
It needs, it is true, a very transparent specimen to fol- 
low the tracheal tube thus through their entire course ; 
but in such it can be done without difRculty. And it 
is very instructive to do so, inasmuch as one such per- 
sonal examination of an insect under a good microscope 
will make you far more familiar with the peculiarities 
of its physiology, than the clearest book-descriptions, or 
even tlie best and most elaborate plates, alone. 

Perhaps yon may think I have kept you too long 
over these gnat-grubs, but my reason for being more 
minute in the examination of this creature is, that its 
extreme abundance in eveiy place, and thi-ough the 
greatest part of the year, puts it in the power of every- 
one to procure a specunen alive and healthy, almost 
whenever he chooses, and, therefore, it is peculiarly 
available for microscopic study ; while the transparency 
of its tissues, and its generally simple organization, 
make it a more than usually suitable object for investi- 
gation : besides which, there are the beautiful and in- 
teresting points in the details of its stracture which I 
have been endeavouring to bring before you. 

H"ot less interesting and remarkable is the change 
in the position of the spiracles, which takes place as 
soon as this grub arrives at the pupa or chrysalis state. 
The skin of the active, fish-like lai-va splits down the 
back, and out presses an equally active little monster ; 
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which, if you did not know it, you would never think 
of connecting with the gmh from which it has pro- 
ceeded ; so totally different is it in form, in structure, 
and in motions. 

We shall easily find some in oiu" hasin that have 
passed into this stage. Tes, here is one, which will 
please to take its place in the glass trough with its 
younger hrothcra. How strange the transformation I 
It reminds us of a lobster, though, of course, the re- 
semblance is only cursory. With the naked eye we 
see that the thorax is greatly enlarged, not only ac- 
tually, but proportionally ; that it forms an oval mass, 
occupying some iive-sixths, at least, of the entire ani- 
mal ; the rest apparently being taken up by a slender, 
many-jointed abdomen, which eurves round the great 
thorax, and, bending under it, ends in an excessively 
delicate, transparent, swimming-plate. It is this curving 
abdomen, with its terminal swimmer, and its back- 
ward strokes in swimming, that constitute the resem- 
blance to a prawn or lobster. 

If we now bring a low power with the reflected 
light of the Lieberkidm to hear on it, we shall see the 
progress the animal has made in this its change of rai- 
ment. The thorax shows on its sides the future wings, 
crumpled and folded down, the nervures of which we 
can discern distinctly. The elegant little head, too, can 
he well made out ; its eyes, now perfectly marked with 
the numerous hexagonal facets that belong to the ma^ 
tured organs of vision in these creatures ; its antennte, 
lilie slender rods, folded down side by side along the 
inferior edge of the thorax ; the short palpi lying out- 
side these ; and within, hotli the lancets and piercera 
that are destined to subserve the blood-sucking propen- 
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sities of our sanguinaiy little Biibject, when it attains 
its winged condition ;— all encased in the transparent 
pupa skin, that liea like a loose wrapper around every- 
thing. 

The extremity of tlie abdomen has now nothing to 
do with respiration, and hence it is never brought to 
the surface of the water, as it waa constantly before. 
The little animal still habitually lives in contact with 
the air, coming up to it with rapid, impatient jerks, 
whenever it has descended ; but it is invariably the 
summit of the thorax that is uppermost, and when 
the creature rests, it is this part that touches the sur- 
face. 

Why is this ? you ask. Look, and you will see why. 
Trom tlie summit of the thorax project two little boms, 
wbicb, under the microscope, are seen to be cleai" 
trumpet-shaped tubes with open months, cut as it were 
obliquely off. These enter the thorax close to the 
bases of the wings ; and when we confine the animal in 
a glass cell, exercising a gentle pressure upon the thor- 
ax, we see biibbles of air alternately projected from the 
trumpet mouths of the tubes and sucked in again. 
These, then, are the spiracles, the orifices of the air-tubes, 
where the vital fluid entei-s the body, and whence it is 
carried to every part of the system. 

There is something ctu-iously beautiful about the 
structure of these epiracular tubes, of which I cannot 
attempt to explain the object. "With a high magnifying 
power, their whole exterior surface is seen to be covered 
with regular rounded scales, overlapping each other, 
and very closely resembling those of a fish. 
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CHAPTER YII. 

INSECTS : TIIEIE FEET. 

I HAVE here inclosed a small window-fly in tlie live- 
box of the microscope, tliat you may examine the struc- 
ture of its feet ae it presses them against the glass cover ; 
and thus not only get a glimpse of an exquisitcly-foi'med 
structure, but acquire some correct ideas on the ques- 
tion of how a fly is enabled to defy all the laws of 
physics, and to walk jauntily about on the under sur- 
face of polished bodies, such as glass, without falling, or 
apparently the fear of falling. And a personal examin- 
ation is the more desirable because of the hasty and er- 
roneous notions that have been proninlgated on the 
matter, and that are constantly disseminated by a 
herd of popular compilers, who profess to teach science 
by gathering up and retailing the opinions of others, 
often without the slightest knowledge whether what 
they are reporting is true or false. 

Tlie customary explanation has been that given by 
Derham in his " Physieo-theology ; " that " divers flies 
and other insects, besides their shai-p-hooked nails, have 
also skinny palms to their feet, to enable them to stick 
to glass, and other smooth bodies, by means of the pi'es- 
Bure of the atmosphere, after the manner as I have seen 
boys caiTy heavy stones, with only a wet piece of lea- 
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ther clapped on the top of a etone." Bingley, citing 
tliis opinion, adds that they ai'e able easily to overcome 
tlie pressure of the air " in warm weather, when they 
ai-e brisk and alert ; but towards the end of tlie year 
this resistance becomes too mighty for their diminislied 
Bti'ength ; and we see lli^ labouring along, and lugging 
their feet on windows as if they stuck fast to the glass ; 
and it is with the utmost difflculty they can draw one 
foot after another, and disengage theu- hollow cups from 
the slippeiy surface." * 

Bat long ago another solution was proposed : for 
Hooke, one of the earliest of microscopic observers, de- 
scribed the two palms, pattens, or soles (as he calls the 
pulmHtj, as " beset underneath with small bristles or 
tenters, like the wu'e teeth of a card for working wool, 
which, having a contrary direction to the claws, and 
both pulling different ways, if there be any irregularity 
or yielding in the surface of a body, enable the fly to 
suspend itself very firmly." He supposed that the 
most perfectly polished glass presented such iiTegular- 
ities, and that it was moreover always covered with a 
" smoky tarnish," into which the hairs of the foot pene- 
ti'ated. 

The " smoky tarnish" is altogether gratuitous ; and 
Mr. Blackwall has exploded the idea of atmospheric 
pressure, for he found that flies eonld walk up the in- 
terior of the exhausted receiver of an air-pmnp. He 
had explained their ability to climb up vei-tical polished 
bodies by the mechanical action of tlie minute hairs of 
the inferior surface of the palms ; hut fui-ther experi- 
ments having showed him that flies cannot wallt up 
glass which is made moist by breatliing on it, or which 
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is thinly coated with oU or flour, he waa led to the eon- 
cluEiou that these hairs are in fact tuhiilar, and excrete 
a viscid fluid, by meana of which they adhere to dry 
polished surfaces ; and on close inspection with an ade- 
quate magnifying power, he was always able to dis- 
cover traces of this adhesive material on the track on 
glass both of flies and various other insects furnished 
-wiih. 2>tilvilU, and of those spiders which possess a sim- 
ilar faculty.* 

In the earlier editions of Kirby and Spence's " In- 
troduction to Entomology," Mr. Kirby had adopted the 
suctorial hypothesis. But in a late one he made an al- 
lusion to Mr. Blackwall's opinion, and added the follow- 
ing interesting note : — 

" On repeating Mr. Blaekwall's experiments, I 
found, just as he states, that when a pane of glass of a 
window was slightly moistened by breathing on it, or 
dusted with flour, bluebottle-flics, the common houec- 
fliea, and the common bee-fly {Eristalis tenax) all 
sHpped down again the instant they attempted to walk 
up these portions of the glass ; and I moreover remarked 
that each time after thus slipping down, they immedi- 
ately be ganto rub first the two fore tarsi, and then the 
two hind tai-ai, together, as flics ai-e so often seen to do, 
and continued this operation for some moments before 
they attempted again to walk. This last fact struck mo 
very forcibly, as appearing to give an importance to 
these habitual procedures of flies that has not hitherto, 
as far as I am aware, been attached to them. These 
movements I had always regarded as meaut to remove 
any particle of dust from the legs, but simply as an 
affair of instinctive cleanliness, like that of the cat when 
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siie licii3 nlierself, and not as serving any more important 
object ; and sucli entomological friends as I have had 
an opportunity of consulting tell me that their view of 
the matter was precisely the same ; nor does Mr. Black- 
wall appear to have seen it in a different light, since, 
thongh so sti'ongly bearing on liis explanation of the 
way in which flies mount smooth vertical surfaces, he 
never at all refers to. it. Yet, from tlie absolute neces- 
sity which the flies on which I experimented appeared 
to feel of cleaning their ^w^*^ immediately after being 
wetted or clogged with flour, however frequently this 
occurred, there certainly seems ground for supposing 
that their usual and frequent operation for effecting this 
by rubbing their tarsi together is by no means one of 
mere cleanliness or amusement, but a very important 
part of their economy, essentially nece^ary, for keeping 
theu' ^n<^w^ in a fit state for climbing up smooth ver- 
tical substances by constantly removing from them all 
moistui-e, and still more all dust, which they are per- 
petually liable to collect. In this operation the two fore 
and two hind tarsi are r^pectively rubbed together for 
their whole length, whence it might be infen-ed that 
the intention is to remove impurities from the entire 
tai'si ; but this I am persuaded is not usually the ob- 
ject, which is simply that of cleaning the under side of 
thepuhUU by rubbing them backward and forward 
along the whole surface of the hairs with which the tarsi 
are clothed, and which seem intended to serve as a 
brush for this particular pui'pose. Sometimes, indeed, 
when tlie hairs of the tarsi are filled with dust thi'ough- 
out, the operation of nibbing them together is intended 
to cleanse these hairs ; because, without these brushes 
were themselves clean, they could not act upon the 



I ..Google 



BVliNINGS 1 



hairs of the under sido of the puImlU. Of this I wit- 
nessed an interesting instance in an JSristalis tenax, 
which hy walking on a sui'face dusted with flour had 
the hairs of the whole length of the tarsi, as well as the 
ptilvilU, thns clogged with it. After slipping down 
from the painted ewrface of the window-frame, which 
she in Tain attempted to climb, she seemed sensible 
that before HxeptdvUli eonid be brashed it was requi- 
site that tlie brushes themselves should be clean, and 
full two minutes were employed to malce them so by 
stretching out lier trunh, and passing them repeatedly 
along its sides, apparently for the sake of moistening 
the flour and causing its grains to adhere ; for after this 
operation, on rubbing her tarsi together, which she 
next proceeded to do, I saw distinct little pellets of flour 
fall down, A process almost exactly similar I hare 
always seen used by bluebottle-flies and common house- 
flies which had their tarsi' closed with flour by walk- 
ing orer it, or by having it dusted over them ; but 
these manoeuvres are required for an especial purpose, 
and on ordinary occasions, as before observed, the ob- 
ject in rubbing the tarsi together is not to clean them, 
but &epulvilU, for which they serve as bruslies. Be- 
sides rubbing the tarsi together, flies are often seen, 
while thus employed, to pass tlie two fore tarsi and 
tibiae with sudden jerks over the back of the head and 
eyes, and the two hind tarsi and tibiae over and under 
the wings, and especially over their outer margins, and 
occasionally also over tlie back of tlie abdomen. That 
one object of these operations is often to clean these 
parts from dust, I have no doubt, as on powdering the 
flies with flour they thus employ themselves, sometimes 
for ton minutes, in detaching every part of it from 
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their eyes, wings, and abdomen ; "but I am also hiclined 
to believe that, in general, when this passing of the legs 
over the back of the head and outer niargin of the 
wings tabes place in connexion with the ordinary rub' 
bing of the tarsi together, as it usually does, that the 
object is rather for the purpose of completing the entire 
cleansing of the tarsal brushes (for which the row of 
strong hairs visible under a lens on the exterior margin 
of the wings seems well adapted), so that they may 
act more perfectly on the ^l/nUU. Here, too, it 
should be noticed, in proof of the importance of all the 
pukiiUi being kept clean, that as the tarsi of the two 
middle legs cannot be applied to each other, flies ai'e 
constantly in the habit of nibbing one of tliese tarsi and 
its^wiW^, sometimes between the two fore tarsi, and 
at other times between the two hind ones 

" Though the above obaei-vations, hastily made on 
the spur of the occasion since beginning this note, seem 
to prove that it is necessaiy the^(7wW of flies and of 
some other insects should be kept free from moisture 
and dust to enable them to ascend vertical polished 
surfaces, they cannot be considered as wholly settling 
the question as to the precise way in which these ^?- 
mUi, and those of insects generally, act in affecting a 
similar mode of progression ; and my main reason for 
here giving these slight hints is the hope of directing 
the attention of entomological and microscopical ob- 
servers to a field evidently, as yet, so imperfectly ex- 
ploi-ed. 

" After writing the above, intended as the conclu- 
sion of this note, I witnegsed to-day (July 11, 1842), a 
fact which I cannot forbear adding to it. Observing a 
house-fly on the window, whose motions seemed very 
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strange, I approached it, aud found that it was making 
violent contortions, as thoitgla eveiy log were affected 
■with St. Titus' dance, in order to pull ita puhjilU from 
the surface of the glass, to wliich they adliered so 
strongly that though it could drag them a little way, 
or sometimes by a violent effort get first one and then 
another detached, yet the moment they were placed on 
the glass again, liiey adhered as if their under side 
were emeared with bird-lime. Once it succeeded in 
dragging off its two fore legs, when it iromediately 
began to vab th.e pidvilU against the tarsal brushes; 
biit on replacing them on the glass they adhered as 
closely as before, and it was only by efforts almost con- 
vulsive, and which seemed to threaten to pull off its 
limbs from its body, that it could succeed in moving a 
quarter of an inch at a time. After watching it with 
much interest for five minutes, it at last by its con- 
tinued exertions got its feet released and flew away, 
and alighted on a curtain, on which it walked quite 
briskly, bnt soon again flew back to the window, where 
it had precisely the earne difficulty in pidling its pul- 
villi from the glass as before ; but after observing it 
some time, and at last trying to catch it, that I might 
examine its feet with a lens, it seemed by a vigorous 
effort to regain its powers, and ran quite actively on 
the glass, and then flying away I lost sight of it, I am 
unable to give any satisfactory solution of this singular 
fact. Tlie season, and the fly's final activity, preclude 
the idea of its arising from cold or debility, to whi<ih 
Mr. "White attributes the dragging of flics' legs at the 
close of autumn. The pul/ciUi certainly had much 
more the appearance of adhering to the glass by a vis- 
cid material than by any pressure of the atmosphere, 
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and it is so far in favour of Mr. Blaekwall's lij'pothcsis, 
on -wliich one might conjeetnre that from some cause 
(perhaps of disease) the hairs of the 'pul/niUi had poured 
out a greater quantity of this viscid material than usual, 
and more than the muscular strength of the fly was 
able to cope with."* 

In the foot of the fly under our own observation you 
may see how well the joints of the tarsus are covered 
with hairs, or rather stiff pointed spines, of various 
dimensions and distances apart, and hence how suitable 
these ai'e for acting the part of combs to cleanse the 
palms. But these last are tlie organs that most claim 
and deseiwe our examination. In the specimen of the 
little Musca that I have imprisoned, the last tarsal 
joint is terminated by two strong divergent hooks 
which ai-e themselves well clothed with spines, and by 
two membranous flaps or palms beneath them. These 
are nearly oval in outline, though in some species they 
are nearly square, or triangulai', and in some of a veiy 
irregular shape. They are thin, membranous, and 
ti-ansparent, and when a sti'ong light is reflected through 
them by means of the achromatic condenser, we see 
their structure under this power of 600 diameters very 
distinctly. 

The inferior surface of the palm, on which we are 
now looking, is divided into a vast number of lozenge- 
shaped areas, which appear to be scales overlapping 
each other, or they may be divided merely by depressed 
lines. From tlie centre of each area proceeds a very 
slender, soft, and flexible pellucid filament, which 
reaches downwards to the surface on which the fly is 
walking, and is there slightly hooked and enlarged into 
* Intr. to Eutom., TUi Ei, p. 468. 
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a inhmto fleshy bnlb. Those from the areas jicar and 
at the margins of tlie palma more and iriore arch out- 
wards, so that the space eovered by the bulbs of the 
filaments is considerably greater than that of tlie 
palra itself. 

Now it is evident that the bulbous extremities of 
these soft filameiita ai'e the organs of adhesion, Wo 
notice how they drag and liold, as tlie ily draws its foot 
from its place, and it seems almost certain that the ad- 
hesion is effected by means of a glutinous secretion 
ponred out in minute quantities from these fleshy tips. 
Wlien the foot is suddenly removed, we may often see 
a number of tiny particles of fluid left on the glass where 
the filaments bad been in con- 
tact with it : but I do not 
build conclusively on this ap- 
peai-ance, because tlie fly, 
having been confined for 
some quarter of an hour in 
this nearly tiglit glass cell, 
has doubtless exhaled some 
moisture, which has condens- 
ed on the glass ; and the specks 
we see may possibly be doe 
to the filaments of tlie palms 
having become wet hyrepeat- 
L ^ Z^^El - It ^"-^'y brushing the moist sur- 
\^. ''""*^ " £3^ face. Mr. Hepworth, how- 
ever, asserts tliat a fluid is 
poured out from these fila- 
ments, and is deposited on 
the glass, when the fly is vigorous, with great regularity. 
He says that " when in a partially dormant state, the 
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insect does not appear to be able to give out this secre- 
tion, though it can stiJI attach itself : indeed, this fluid 
is not essential for that purpose."* It ie asserted that 
the speckled pattern of fluid left on the glass by the fly's 
footsteps remains (if breathed on) when the moisture is 
evaporated ; and hence it is presumed to be of an oily 
nature. 

In some Beetles tlie joints of the foot are furnished 
with eimilar appendages. I shall now show you the 
fore-foot of a well-known insect, called by cMldren the 
Bloody-nose Beetle {Timarcha tenebrieoea), a heavy- 
bodied fellow, of a blue-black colour, abundant in 
spring and summer on hedge-banks. You have doubt- 
less often observed it, and have been amused, perhaps, 
at seeing the drop of clear seailet fluid which exudes 
from its mouth wlien touched. 

llie feet in this species are broad and well devel- 
oped. Tou may see witli the naked eye, on turning 
it up, that its dilated joints ai-e covered on the under 
surface with a velvety cushion of a rusty-brown colour ; 
and here, under a low power of the microscope with 
the Lieberkuhn, you can resolve the nature of tlie 
velvet. 

The foot, or tarsus as it is technically called, is com- 
posed of four very distinct pieces ; of which the iirst is 
semicircnlai', the second cxescenfr^haped, the third 
heart-shaped, and the fourth nearly oval. The last is 
rounded on all sides, has no cushioned sole, and carries 
two stout hooks. Tlie first three are flat or even, hol- 
lowed beneath into soles, something like the hoof of a 
horse, and the whole interior bristles with close-set 
minute points, the tips of which terminate at the same 
* Mierosc. Journal, for April, 13B4. 
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level and form a velvety surface. Now these pointa arc 
the whitisli bulbous extremities exactly answerable to 
those of the palms of tlie fly, and doubtless they answer 
tlie very same purpose. Only here they are set in far 
closer array and are a hundred times more numerons ; 
whence we may reasonably presume a higher power of 
adhesion to be possessed hj the beetle. The structure 
is best seen in the male, whieh may be distinguished 
by its smaller dimensions, and by its broader feet. 

A still better example of a snclting foot is this of the 




DyUeua Tttarginalis. It is the gi-eat flat oval beetle, 
which is fond of coming np to the surface of ponds, and 
hanging there by the tail with its pair of hind legs 
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stuck out on eaeli aide at right angles ; the i-edoubt- 
ahle monster which little boys who bathe hold in such 
salutary awe under the name of Toe-biter. We have 
turned the tables npon the warrior, and have bitten Ms 
toe — off, and here it is. Tiiis is the tarsue of one of the 
fore limbs. 

The peculiarity that first strikes us is that the first 
three joints are aa it were fused into one, and dilated so 
as to make a large roundish plate. The under surface 
of this broad plate la covered with a remarkable aiTay 
of sucking disks, of which one is veiy large, occupying 
about a fourth part of the whole area. It is circular, 
and its face is strongly marked with numerous fibres 
radiating from the centre. I^ear this you perceive two 
others of similar form and structure, but not more than 
one tentli part of its size ; one of these, moreover, is 
smaller than the other. Indeed, the size and number 
of these organs differ in different individuals of the 
same species. 

The greater niunber of the suckere are comparatively 
minute ; but they are proportionally multitudinous and 
crowded. Each consists of a cluh-shaped shaft, with a 
circular disk of radiating fibres attached to its end. 
The whole apparatus constitutes a very effective instru- 
ment of adhesion. 

There is a somewhat similai- dilatation of the first 
joints of the tarsus, but for a very different object, in 
the Honey-bee ; and it is particularly worthy to be ob- 
sei-ved, not only for the interesting part which it plays 
in the economy of the insect, but for the example it af- 
fords ns of the adaptation of one and the same organ to 
widely different uses, by a slight modification of its 
structure. 
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It is tlie hind foot of the Bee that we are now to ex- 
arnine. Tlie first joint is, as you see, enlarged into a 
■wide, long, and somewhat ovate form, constituting a 
flattiflh plate, slightly convex on both surfaces. The 
upper face presents nothing remarkable, but the under 
side is set with about nine stiff combs, tlie teeth of 
which are homy sti'aight spines, set in close ai'ray, and 
arranged in transverse rows across the joint, nearly on 
a level with its plane, but a little projecting, and so 
oi-dered that the tips of one comb slightly overlap the 
bases of the next. We see Hieni in this example very 
distinct, because their colour, a clear reddish-brown, 
contrasts with a multitude of tiny globules of a pale 
yellow hue, Kke minute eggs, which are entangled in 
the combs. 

Mow these globules seiwe to illustrate the object of 
this appai-atua. They are grains of pollen ; the dust 
that is discharged from the anthers of flowers, which 
being kneaded up with honey foi-ms tlie food of the in- 
fant bees, and is, thei-efore, collected with great perse- 
verance by those industrious insects ; and the way in 
which they collect it is, by raking or combing it from 
the anthers, by means of these effective instruments on 
their hind feet 

You see that in this specimen the combs are loaded 
with tlie grains, which lie tliickly in the fuiTows be- 
tween one comb and another. But how do they dis- 
charge their gatherings ? Do they return to the hive, 
as soon as they have accumulated a quantity snch as 
this, which one would suppose they could gather in 
two or three scrapes of the foot ? No ; they carry a 
pak of panniers, or collecting baskets, which tliey grad- 
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ually fill from the combs, and then return to deposit 
the resulte of their collecting. 

One of tiiese baskets I can show you ; and, indeed, 
we sliould be unpardonable to overlook it, for it is the 
companion structure to the fonner. I make tlie stage 
forceps to revolve on it axis, and thus bring into 
focus the joint {Hbia) immediately above that of the 
combs, and so that we shall look at its opposite sur- 
face ; tliafc is, the outer. "We notice at once two or 
tliree peculiarities, which distinguish the joint in this 
instance from other parts of the same limb, and from 
the corresponding part in the same limb of other insects. 

First, the surface is decidedly concave, whereas it is 
ordinarily convex. Secondly, this concave surface is 
smooth and polished (except that it is covered with a 
minute network of crossed lines), not a single hair, 
even the most minute, can be discerned in any part ; 
whereas the con-esponding surface of the next joints, 
both above and below, is studded with fine hairs, as ia 
the exterior of insects generally. Tliirdly, the edges 
of this hollowed basin are beset with long, slender, 
acute spines, which pursue the same curve as the 
bottom and sides, expanding widely, and arching up- 
ward. 

Here, then, we have a capital collecting-basket. 
Its concavity of course fits it to contain the pollen. 
Then its freedom from hairs is important : hairs would 
be out of place in the concavity. Thirdly, the mar- 
ginal spines greatly increase the capacity of the vessel 
to receive the load, on the principle of the sloping 
stakes which the farmer plants along the sides of his 
waggon when he is going to carry a load of hay or 
com. 
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But, you ask, how can the Bee manage to transfer 
the pollen from the combs to the basket ? Can she bend 
up the tarsus to the tibia ? or, if she can, surely she 
could only reach the inner, not the outer surface of the 
latter. How is this managed 'i 

A very shrewd question. Truth to eay, the basket 
you have been looking at never received a single grain 
from the combs of the joint below it. But the Bee has 
apair of baskets and apcdr of comb-jomts. It is the 
righi set of combs that fills the left basket, and vice 
■uersd. She can easily cross her hind-legs, and thus 
bring the tarsus of one into contact with the tibia of the 
other ; and if you will pay a moment's more attention 
to the matter, you will discover some further points 
of interest in this beautiful series of contrivances still. 
If you look at this living bee, you notice that, from the 
position of the joints, when the insect would bring one 
hind-foot across to the other, the under surface of the 
tarsus would naturally scrape the edge of the opposite 
tibia in a direction from the bases of the combs to- 
wards their tips ; and, further, that the edge of the tibia 
so scraped would be the hinder edge, as the leg is or- 
dinarily carried in the act of walking. 

Now, if you take another glance at tlie basket-joiat 
in the forceps of the microscope, you will see — what, 
perhaps, yon have ah-eady noticed — that the marginal 
spines have not exactly the same curvature on the two 
opposite edges, but that those of the one edge ai'e nearly 
straight, or at most but slightly bowed, whereas those 
of the opposite edge are strongly curved, the ai'c in 
many of them reaching even to a semicircle, so that their 
points, after perfonning the outward arch, return to a 
position perpendicularly over the medial line of the 
basket. 
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It is the outer or hmder edge of the joint that cmries 
the GOTrvpwraimely s^aight spines. These receive the 
grains from tlie combs, which, then falling into the 
basket, are reeeiyed into the wide concavity formed 
partly by its bottom and sides, but principally ly the 
arching spines of the opposite edge. 'Iheir curving form 
would have been less suitable than the straighter one 
to pass through the interstices of the combs, because it 
■would be much more difficult to get at their pointa ; 
wliile, on the other hand, the straight lines of these 
would have been far less effective as a receiver for the 
burden. The thickness of tlie spines is jnst that which 
enables them to pass freely through the interstices of 
the comb-teeth, and no more. 

On the whole, this combination of contrivances reads 
ua as instructive a lesson of the wisdom of God dis- 
played in creation as any that we have had brought 
under our observation. 

The end to be attained by aU this apparatus is 
worthy of the wondrous skill displayed in its contri- 
vance ; for it is connected with the feeding of the stock, 
and whatever diminishes the labour of the individual 
bees enables a larger number to be supported. But 
valuable as is the Honey-bee to man, there are other 
important pui-poaes to be accomplished, which are more 
or less dependent, collaterally, on this series of contri- 
vances. 

" Li many instances it is only by the bees ti'avelling 
from flower to flower that the pollen and farina is car- 
ried from the male to the female flowers, without 
which they could not fructify. One species of bee 
would not be sufficient to fructify all the various sorts 
of flowers, were the bees of that species ever so numer- 
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ouH ; for it rer^uii'es species of diiferent sizes and differ- 
ent conetruetions. M.. Sprengel found tliat not only 
are insects indispensable in fructifjiiig different species 
of Jris, but some of them, aa T. Xiphivm,, require the 
agency of the larger humble-bees, which alono are 
strong enough to force their way beneath the style-flag ; 
and henee, as these insects are not so common as many 
others, this Iris is often barren, or beai-s imperfect 
seeds," * 

Tlie legs and feet of Caterpillars are constructed on 
a veiy different plan from those of perfect insects, aa 
you may see in this living Silkwonn. The first three 
segments of the body, reckoning fi'om the head, are 
fnmished each with a pair of short ciirved limbs set 
close together on the tinder side. These represent the 
true legs of the future moth, and show, notwithstanding 
tJieu' shoi-tness, four distinct joints, of which the last is 
a little pointed homy claw. The wliole limb resembles 
a short stout hook. The two segments occur which are 
quite smooth beneath, and destitute of limbs ; and then 
on the sixth we begin to find another series, which goes 
on regulai'ly, a pair on each segment, to the eleventh 
and final one, with the single exception of the tenth 
segment, which is again deprived of limbs. 

But these organs ai-e of a very peculiar character. 
They have no representatives in the mature insect, but 
disappear with the larva state, and they are not con- 
sidered limbs-proper at all, hut mere accessory develop- 
ments of the skin to serve a special purpose. Tbey are 
sometimes called claspei-s, sometimes false-legs, but 
more commonly pro-legs. 

Kach consists of a fleshy wart, which is capable to 
* Penny Cyclop., art. Bee, 
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some extent of being turned inside out, like the finger 
of a glove. Partly around the Ijlunt and trancate ex- 
tremity are set two rows of minute liooksj occupying the 
side next the middle line of the caterpillai' in a semi- 
circle along the margin. Tliese hooks arch ontwai-d as 
regards the axis of the pro-leg, though the majority of 
them point towards the medial line of the body. The 
double row is somewhat interrupted at its middle point ; 
and just thei'e, in each pro-leg, a clear vesicle or fleshy 
bladder protrudes from the sole, which may perhaps 
sei-ve as a very delicate organ of touch, or may exude a 
viscid secretion helpful to progress on smooth bodies. 
The hooks seem adapted to catch and hold the fine 
threads of silk, which most caterpillars spin as a carpet 
for their steps. 

In some cases the circle of hooks is complete, as in 
this example, which I find in one of tlie slides of my 
drawer, marked " Pro-leg of a Caterpillar." It is some 
large species, probably a Sphinx, for the hooks are 
very large, of a clear orange-brown hue, and set in a 
long oval ring— single as to their bases, but double 
as to their points — completely around the extremity 
of the foot. These hooks ai-e simply cutaneous, as 
may bo well seen in this prepared specimen, — doubt- 
less mounted in Canada balsam ; — for their origins are 
mere blunt points, set most superficially in the thin skin 
without any enlargement or apparent bulb. 
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CHAPTER YIII. 

iHSECTs : exiNGa and ovifositoes. 

r at some period of your life you have been 
stuiig by a bee or wasp. I shall take it for granted 
that you have, and that having tested the potency of 
these wai'like inseete' weapons with one sense, you have 
a curiosity to examine them with another. The micro- 
scope shall aid your vision to investigate the morbific 
implement. 

This is tlie sting of the Honey-bee, which I liavo 
but this moment extracted. It consists of a dark brown 
homy sheath, bnlbons at the base, but suddenly dimin- 
ishing, and then tapering to a fine point. Tliis slieath 
is split entirely along the inferior edge, and hy pressure 
with a needle I have been enabled to project the two 
lancets, which commonly lie within the sheath. These 
are two slender filaments of the like brown horny sub- 
stance, of which the centre is tubular, and carries a 
fluid, in wbieb bubbles arc visible. Tlie extremity of 
each displays a beautiful mechanism, for it is thinned 
away into two thin blade-edges, of which one remains 
keen and knife-like, while the opposite edge is cut into 
several sawteeth pointing backwards. 

Tlie lancets do not appear to be united with tiie 
sheath in any part, but simply to lie in its groove ; their 
basal portions pass out into the body behind the sheath, 
where yon see a number of muscle-bands crowded 
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ai-ound tlicm; these, acting in vai'Jous directions, and 
being inserted into tlie lancets at various points, exercise 
a complete control over their movements, projecting or 
reti-acting them at their will. But each lancet has a 
singular projection from its back, which appeai'B to act 
in some way as a guide to its motion, probably prevent- 
ing it from slipping aside when darted forth, for the 
bulbous part of the sheath, in which these projections 
work, seems formed expressly to receive them. 

Thus we see an apparatus beautifully contrived to 
enter the flesh of an enemy : tlie two speai-s flnely point- 
ed, sharp-edged, and saw-toothed, adapted for piercing, 
cutting, and tearing ; the reversed direction of the teeth 
gives the weapon a hold in the flesh, and prevents it 
from being readily drawn out. Here is an elaborate 
store of power for the jactation of the javelins, in the 
numerous muscle-bands ; here is a provision made for 
the precision of tlie impulse ; and finally, Jiere is a pol- 
ished sheath for the reception of the weapons and their 
preservation when not in actual use. All this is per- 
fect ; but something still was wanting to render the 
weapons effective, and that something your experience 
has proved to be supplied. 

The mere inti'omiesion of these points, incomparably 
finer and sharper than the finest needle that was ever 
polished in a Shef&old workshop, would produce no re- 
sult appreciable to our feelings ; and most surely would 
not be followed by the distressing agony attendant on 
the sting of a bee. "We must look for something more 
than we have seen. 

We need not be long in finding it. Tor here, at the 
base of the sheath, into which it enters by a nai-row 
neck, lies a transpai-ent pear-shaped bag, its surface 
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covered all over, hat especially towards the iieek, with 
eiriJill glands set transversely. It is rounded behind, 
where it ia entered by a 
very longand slender mcin- 
hranous tube, which, after 
many turns and windings, 
gradually thickening and 
becoming more evidently 
glandular, teiininateB in a 
blind end. 

This is the appaiatus for 
])iepaiing and ejecting a 
powerful pi>iBon The glan- 
dulai end of the slender 
tube lb the scci ctmg organ : 
heie the venom ]s pre- 
paied , the icmamder of 
tlie tube 1% a duct for con- 
vcjmg it to the bag, a re- 
seivou in winch it is stored 
foi f!ie moment ot use. By 
mfins of tlio neck it is 
thio\tn into the gioove at 
the moment the stmg is 
]>iojeeted, the same mus- 
cles, piobablj, that darfc 
foiwaid the ■weapon cora- 
pi easing the poison bag and 
cauhing it to poui torth its 
contents into the groove, 
whence it passes on be- 




o. Tip of Loneol, 

tween the two 
made. 



info tlie wound which tliey have 
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A modification of this apparatus is fouud througli- 
ont a very extensive order of inaecta, — the Ilymenop- 
tera; but in the majority of cases it is not connected 
with purposes of warfare. Wliei'ever it occurs it is al- 
ways confined to tlie female sox, or (as in the case of 
some social inaccte) to the nentei'S, which arc undevel- 
oped females. When it is not accompanied Ly a poison- 
reservoir it is ancillary to the deposition of the eggs, 
and is hence called an ovipositor^ tiiough in many cases 
it performs a part much more extensive tlian the mere 
placing of the ova. 

In the large tribe of Cuckoo-flies {Jehneumonidm), 
which spend their egg and lai-va states in the living 
bodies of other insects, this ovipositor is often of great 
length ; even many times longer than the rest of their 
bodies ; for the larvas which have to be piorced by it 
req^nire to be reached at tlie bottom of deep holes and 
other recesses in which the providence of the parent 
had placed them for security. The structure of the or- 
gan may be eeea in this little species, not more than 
one-sixth of an inch in entire length, of which the ovi- 
positor projects about a line. Under the microscope 
you see tliat this projection consists of two black fleshy 
filamente, rounded without and flattened on their inner 
faces, which are placed together, — and of the true im- 
plement for boring, in the form of a perfectly straight 
awl, of a clear amber hue, very slender and brought to 
an abnipt oblique point, where there are a few exceed- 
ingly fine reverted teeth. It is probably double, though 
it refuses to open under the preesiu'e which I bring to 
bear upon it. At the base are seen within the semi- 
pellucid abdomen the slender horns, on which the mus- 
cles act in projecting the borer. 
7 
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Yoli are doubtless aware that the Httle beiTies which 
look like bunches of green currants often seen growing 
on the oak, are not the proper frnit of the tree, but dis- 
eased developments produced by a tiny insect, for the 
protection and support of her young. But perhaps you 
have never paid any special attention to the living atom 
whose workmanship they are, and are not familiar with 
tho singular mechanism by which she works. I have 
not had an opportunity of seeing it myself, and there- 
fore cannot show it to yon ; but as Gall-flies arc by no 
means rai-e, and you may easily reai' a brood of flies 
from the galls, yoii may have a chance of meeting with 
it. I will therefore quote to you what Kennie says 
about it. 

" There can be no doiibt, that the mother gall-fly 
make's a hole in the plant for the purpose of depositing 
her eggs. She is furnished with an admirable oviposi- 
tor for that express purpose, and Swammerdam actually 
saw a gall-fly thus depositing her eggs and we liave 
recently witnessed the same m several mstiucee. In 




some of these mseets the ovipositor is conspicuously 
long, even when the insect is at rest ; but in others, not 
above a line or two of it is visible, till tlie belly of the 
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insect be gently pressed. "When Uiis is done to the fly 
that produces the eun-ant-gaU of the oak, the ovipositoi- 
may be seen is3Tiiiig from a sheath in form of a small 
curved needle, of a chesnut-brown colour, and of a 
horny substance, and three times as long as it at first 
appeared. 

"What ie most remarkable in this OTipositor is, 
that it is much longer than the -whole body of the in- 
sect, in whose belly it is lodged in a sheath, and, from 
ite homy nature, it cannot be either shortened or length- 
ened. It is on this account that it is bent into the same 
curve as the body of the insect. The mechanism by 
which this is effected is similar to that of the tongne of 
the woodpeckers (Picidce), which, though rather short, 
can be darted out far beyond the heal: by means 
of a forked bone at the root of tlie tongue, which is thin 
and rolled up like the spring of a -watch. The base 
of the ovipositor of the gall-fly is, in a similar way, 
placed near the anus, runs along the curvature of the 
back, makes a turn at the breast, and then, folio-wing 
the curve of the belly, appears again near where it 
originates. 

" With this instrument the mother gall-fly pierces 
the part of a plant which she selects, and, according to 
our older naturalists, ' ejects into the cavity a drop of 
her corroding liquor, and immediately lays an egg or 
more there ; the circulation of the sap being thus inter- 
rupted, and thrown, by the poison, into a fermentation 
that bums the contiguous parts and changes the na^ 
tural colour. The sap, tumcd from its proper channel, 
extravasates and flows romid the eggs, while its surface 
is dried by the external air, and hardens into a vaulted 
form,' Kirby and Spence tell us, that the parent-fly 
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introduces iier egg ' into a puncture made by her cu- 
rious spiral sting, and in a few hours it becomes sur- 
rounded -with a fleshy chamber. M. Yirey saye, the 
gall-tuberele is produced by irritation, in the game way 
as an inflamed tumour in an animal body, by the swell- 
ing of the cellular tissue, and the flow of liquid matter, 
which changes the organization, and alters the natural 
external form." * 

Perhaps a atill more charming example of animal 
mechanics is that furnished to us by the Saw-flies {Tmi^ 
These arc very common four-winged 
8 of rather small eize, many species of which are 
found in gardens and along hedges, in summer, pro- 
duced from gi'ubs which ai'o often mistaken for true 
caterpillars, as they strip our gooseberry and rose 
bushes of their leaves ; but may be distinguished from 
them by the number of their pro-legs, and by their sin- 
gular postures ; for they possess from eight to four- 
teen pairs of the former organs,, and have tho habit 
of coiling up the hinder part of their body in a spiral 
ring, while they hang on to the leaf by their six true 
feet. 

These saw-fly caterpillars ai'e produced from eggs 
which are deposited in grooves, made by the parent-fly 
in the bark of the tree or shmb whose futiu^ leaves 
are destined to constitute their food ; and it is for the 
construction of these grooves and the deposition of the 
eggs in them, that the curious mechanism is contrived 
which I am now bnnging under your notice. 

Almost aU our accLuaintance with this instrument 
and tho manner of its employment, we owe to the em- 
inent Prench natui'alist Iteaumnr, and to liis Italian 
* Ins. Areli. 371. 
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contemporary Valisnieri. Their details I shall first cite, 
as they have been pvit into an English dress by Kennie, 
and then show you a epeeimen dissected out by myself, 
and point out some agreements and some discrepancies 
between it and tlicm. 

" In order to see the oTipoaitor, a female saw-fly 
must he taken, and her belly gently pressed, when a 
narrow slit will be observed to open at some distance 
from the anus, and a short, pointed, and somewhat 
curved body, of a brown colour and homy substance, 
will be protruded. The curved plates which form tho 
sides of the slit, ai"e the termination of the sheath, in 
which the instrument lies concealed till it is wanted by 
the insect. 

" The instrument thus brought into view, is a very 
finely contrived saw, made of horn, and adapted for 
peneti-ating branches and other parts of plants where 
the eggs are to be deposited. The ovipositor-saw of 
the insect is much more complicated than any of those 
employed by our carpenters. The teeth of our saws 
are fonncd in a line, but in such a manner as to cut in 
two lines parallel to and at a small distance from each 
other. This is effected by slightly bending the points 
of the alternate teeth right and left, so that one half of 
the whole teeth stand a little to the right, and the other 
half a Httle to the left. The distance of the two parallel 
lines thus formed is called the course of the saw, and it 
is only the portion of wood which lies in the course 
that is cut into sawdust by tlie action of the instru- 
ment. It will follow, tliat in proportion to tiie thin- 
ness of a saw there wiU be the less destruction of wood 
which may be sawed. "When cabinet-makers have to 
divide valuable wood into very thin leaves, they ac- 



I ..Google 



150 EVENIKGS AT THE MICROSCOPE. 



cordingly employ eaws with a narrow eonrse ; wliilo 
sawyers who cut planks, use one with a broad course. 
The ovipositor-saw being extremely fine, does not re- 
quire the teeth to divei-ge much, hut from the manner 
from which they operate, it is requisite that they should 
not stand like those of our saws in a straight line. The 
greater portion of the edge of the instniment, on the 
contrary, is towards the point somewhat concave, sim- 
ilai' to a scythe, while towards the base it becomes a 
little convex, the whole edge being nearly the shape of 
an italic y^, 

" The ovipositor-saw of the fly is put in motion in. 
the same way as a carpenter's hand-saw, supposing the 
tendons attached to its base to foi-m the handle, and the 
muscles which put it in motion to be the hand of the 
carpenter. But the carpenter can only work one saw 
at a time, whereas each of these flies is fvirnished with 
two, equal and similar, which it works at the same 
time — one being advanced and the other retracted al- 
ternately. The secret, indeed, of working more saws 
than one at once is not unknown to our mechanics ; for 
two or three are sometimes fixed in the same frame. 
These, however, not only all move upwards and down- 
wards simultaneously, but cut the wood in different 
places ; while the two saws of the ovipositor work in 
the same cut, and, consequently, though the teeth are 
extremely fine, the effect is similai' to [that of] a saw 
with a wide set, 

" It is important, seeing that the ovipositor-saws 
are so fine, that they be not bent or separated while 
in operation — and this, also, nature has provided for 
by lodging the backs of the saws in a groove, formed 
by two membranous plates, similar to the structure of 
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a clasp-knife. These plates are thickest at the base, 
beeoming gradually thinner as tliey approach the 
point which the form of the saws requires. According 
to Yalisniei-jj it is not the only nsc of this apparatus 
to form a back for the saws, he having discovered be- 
tween the component membranes two eanals, which he 
snppoees are employed to conduct the egga of the in- 
sect into the grooves which she has hollowed out for 
them. 

"The teeth of a carpenter's saw, it may be re- 
marked, are simple, whereas the teeth of the ovipositor- 
saw are themselves denticulated with fine teeth. The 
latter, also, combines at the same time the properties 
of a saw and of a rasp or file. So far as wc ai-e aware, 
these two properties have never been combined in any . 
of the tools of our carpenters. The rasping part of 
the ovipositor, however, is not constructed like our 
raeps, with short teeth thickly studded together, but 
has teeth almost as long as those of the saw, and 
placed contiguous to them on the back of the instru- 
ment, resembling in their form and setting the teeth of 
a comb." * 

HCow look at this object which I have just extracted 
from the abdomen of a rather large female Saw-fly, of 
a bright green hue, spotted with black. ITie fii'st por- 
tion of the apparatus that protruded on pressure, was 
this jiair of saws of an /-like figure. These agree in 
general with those described ; here is, in each, the 
donbly-cnrved blade, the strengthened back, the rasp- 
like jagging of the lateral surfaces, the teeth along the 
edge, and the secondary toothlcts of the latter. All 
these essential elements we see, but there is much dis- 
" Insect Arohiteolurc, 163. 
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crepaney in the detail, and many points not noticed ; — 
in part, doubtless, owing to its being another species 
which was tinder obeervation, and partly to the infe- 
riority of the microscopes employed a hundred and fifty 
years ago, to those we are nsing. 

In the first place the curve of &ej^ is different, the 
convexity of the edge heing towards the point and the 
concavity nearest the hase. Then the strengthening 
does not appear to me a groove in whicli the saw plays, 
but a thickening of the substance of the back. Each 
main tooth of the saw m this case is the central point 
in the edge of so[uare plate, which appears to be slightly 
concave on its two surfaces, being thickened at its two 
sides, at each of which, where it is united to the follow- 
ing plate, it rises and forms with it a prominent ridge 
running ti-ansrerse to the course of the saw. Each of 
these ridges then forms a second tooth, as stout as the 
main edge-tooth, which, with the rest of the same series, 
forms a row of teeth on the oblique side of the saw, in 
a very peculiar manner, difficult to express by words. 
It is singnlar that this side of the saw should be studded 
with minute hairs, since these would seem to interfere 
witli the action of the saw, or at least be liable to be 
themselves rubbed down and destroyed in its action. 
But their existence is indubitable ; tliere they are, 
pointing at a very acute angle towards the top of the 
saw. The back edge of the implement bristles with 
many close-set hairs or spines, forming a sort of brush, 
hut pointmg in the opposite direction. 

Each main tooth of the edge-series is cut into one or 
two minute toothlets on its posterior side (next the base 
of tlie saw) and about half-a-dozen on its opposite side 
(next tSie tip). The texture is clear and colourless 
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where thin ; hut in the thickened parts, as tlie main 
teeth, the transverse ridges, and the back, it is a clear 
amber-yellow ; the strengthening back-piece deepening 
to a rich translucent brown. 

There is, however, in this species of mine a second 
set of implements of which tlie French naturalist, oh- 




serrant as he was, talies not the slightest notice ; and 
his English commentator appears to have as little sus- 
pected its presence. This pair of saws that we have 
been looking at is bnt the sheath of a still finer pair of 
lancets or saws, which you niay see here. These are 
much slenderer than the former, and are peculiar in 
their construction. Tlieir extreme tip only hears saw- 
teeth, and ihese are directed backwards, but one side 
of the entire length, presents a succession of cutting 
edges, as if a number of short pieces of knife-blades had 
been cemented on a rod, in such a manner as that the 
entting edges should be directed backwards, and ovei'- 
lap each other. The other lateral surface is plain, and 
both are convex in their general aspect. The appear- 
ance of these implements is very beautiful ; for the 
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texture is of a clear pale amber, but the structure is 
strengthened by a band wliich runs along each edge, 
and \>j transverse bands crossing at regular intervals, 
of a denser tissue ; and these are of a rich golden trans- 
lucent brown. 

From the construction of this implement I should 
infer that its force is exerted in pulling and not in push- 
ing ; the direction of the teeth ■md of the cutting plates 



shows this. The shai-p horny point is probably thrust 
a little way into tlie solid wood or bark, and then a 
backward pull brings the teeth and cutting plates to 
act upon the material, and so successively. And prob- 
ably these points are the first parts of the whole ap- 
paratus that come into operation ; the blunter saw of 
the sheath serving mainly to widen and deepeii the 
coarse, after the finer points have pioneered the way. 

You may like to hear what E^aumur has to Bay 
about the manner in which the fly works, especially as 
I have nothing of my own on the subject, which yet is 
a moat interesting one :-— 

" WTien a female Saw-fly has selected the branch of 
a rose-tree, or any other, in which to deposit her eggs, 
she may be seen bending the end of her belly inwards, 
in form of a crescent, and protruding lier saw, at the 
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game time, to penetrate fhe tark or wood. Slie main- 
tains this recurved position bo long as siie worlis in 
deepening the groove ; bnt when she has attained, the 
depth required, she unbends her body into s. straight 
line, and in this position works upon the place length- 
ways, by applying the saw more horizontally. When 
she haB rendered the groove as large as she wishes, the 
motion of the tendon ceases, and an egg is placed in 
the cavity. The saw is then withdrawn into the sheath 
for about two-thirds of its length, and at the same mo- 
ment, a sort of frothy licLuid, similar to a lather made 
with soap, is dropped over the egg, either for the pur- 
pose of gluing it in its place, or sheathing it from the 
action of the juices of the tree. She proceeds in the 
same manner in sawing out a second groove, and so on 
in succession, till she has deposited all her eggs, some- 
times to the number of twenty-four. The grooves are 
usually placed in a Hne, at a small distance from one 
another, on the same branch ; but sometimes the 
mother-fly shifts to another, or to a different part of the 
branch, when she is either scared or finds it unsuitable. 
She commonly, also, takes more than one day to the 
work, notwithstanding the superiority of her tools. 
Eeaumur has seen a Saw-fly make six grooves in suc- 
cession, which occupied her about ten hours and a- 
half. 

" The grooves, when finished, have externally little 
elevation above the level of the bark, appearing like 
the puncture of a lancet in the human skin ; but in the 
courae of a day or two the part becomes first brown 
and then black, while it also becomes more and more 
elevated. This increased elevation is not owing to the 
growth of the bark, the fibres of which, indeed, have 
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teen deeti'oyed by the ovipoaifcor-saw, "but to the actual 
growth of the egg ; for, when a new-laid egg of the 
Saw-fly is compared with one which has heen several 
days inclosed in the groove, the latter will be fonnd to 
be very considerably larger. This growth of the egg is 
contrary to the analogy observable in the eggs of birds, 
and even of most other insects ; but it has its advan- 
tages. As it continues to increase, it raises the bark 
more and more, and consequently widens, at the same 
time, the slit at the entrance ; so that, when the grub is 
hatched, it finds a passage ready for its exit. The 
motlier-fly seems to be aware of this growth of her eggs, 
for she takes care to deposit them at such distances as 
may prevent their disturbing one another by their 
development." * 

Tlie merry little jumping insects called Frog-hop- 
pers {TetUgonia), one of which in its lai'va state emits 
the little mass of froth bo common on shmbs, and called 
cnckoo-spit, are furnished with a set of tools for their 
own private carpentry, which, though less elaborate 
than those of the saw-flies, are wortliy of a moment's 
glance. If we catch one of these vaulters and gently 
press the abdomen, we shall see proceeding from its 
hinder and lower part, a thickish piece, large com- 
pai^ed witii the size of the insect, which it is tlien 
easy to extract with a pair of fine pointed pliers. I 
have just done this, and here is the result on a slip of 
gkss. 

First there is a pair of brown protecting pieces, ob- 
long in form, and studded with hairs like the rest of 
the. exterior of the body. From between them projects 
what resembles a lancet, of the usual ti'anslucent amber- 
* Insect Architecture, 165. 
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coloured horn, appropriated to theee instruments (which 
is to them what steel is to us) ; and wliich we ehall 
presently discover to he composed of two hlades exactly 
alike, convex without and concave within, applied face 
to face. One edge of this pair of implements is quite 
smooth, bnt the other is cut into the most heautifully 
regular and most minute teeth. 

This, however, is hut the sheath. Within the two 
spoon-shaped faces there lie two other lancets, blade to 
blade, still finer and moi'e delicate. Both edges of th^e 
blades axe of the most perfect keenness, without a flaw ; 
but their sides appear roughened with rows of very 
minute liomy knobs, he a rasp. 

I shall illustrate this demonstration by another ex- 
tract from Eeaumur, premising, however, that his ob- 
servations refer to the large species of true OicaduB from 
warmer latitudes, whose machinery seems to difi'er 
from that of our little friends in some particulars. 
For example, the two inner lancets seem to be imitcd 
in one, in K^aumm^'s species, or else, which I think 
more probable, he did not succeed in separating 
them. 

He describes the two curved spoon-shaped pieces, 
as finely indented on both sides with teeth ; which are 
strong, nine in number, aiTanged witli great symmetry, 
increasing in fineness towards the point. This instru- 
ment he describes as composed of tliree pieces, the two 
exterior, which he calls th.^ files, and another pointed, 
which ho compares to a lancet, which is not toothed. 
"The files arc capable of being moved forward and 
backward, while the centre one remains stationary ; 
and as this motion is effected 'bj pressing a pin or tlie 
blade of a knife over the muscles on cither side at the 
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origin of the ovipositor, it may lie preaumed tliat those 
muscles are destined for producing similar movements 
when the insect req^oires them. By means of a finely- 
pointed pin carefully introduced between the pieces, 
and pushed very gently downwards, they may he, 
with no great difficulty, separated in their whole ex- 
tent. 

" The contrivances hy which those three pieces are 
held united, while at the same time the two files can he 
easily put in motion, are similar to some of our own 
mechanical inventions, with this difference, that no hu- 
man worhman could construct an instrument of this 
description so small, fine, exquisitely pohshed, and fit- 
ting so exactly. "We should have heen apt to form the 
grooves in the central piece, whereas tliey are scooped 
out in the handles of the files, and play upon two pro- 
jecting ridges in tlie central piece, by which means this 
is rendered stronger. M, E^aumur discovered that the 
best manner of sho^ving the play of this extraordinary 
instrument is to cut.it off with a pair of sciesora near its 
origin, and then, taking it between the thumb and the 
finger at the point of section, work it gently to put the 
files in motion, 

" Beside the muscles necessary for the movement of 
the files, the handle of each is terminated by a cmwe 
of the same hard homy substance as itself, which not 
only fiimishes the muscles with a sort of lever, hut 
serves to press, as with a spring, the two filea close to 
the central piece," * 

The use of those instruments is the same as I have 
aheady alluded to in the case of the saw-fiies. The 
female Tree-hopper deposits her eggs in holes which she 
• Insect Arcluteoture, 149. 
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bores in dead twigs by means of these files and lancets. 
The branches chosen are said to be recognisable by 
being studded with little oblong elevations, caused by 
the pai'tial raising of a splinter of wood at the orifice 
of the hole, to which it serves as a cover. These are 
ari'anged in a single line, the holes which they protect 
being only half-an-ineh in length, and reaching to 
the pith, whose course they then follow. Not more 
than six or eight eggs are laid in each hole, but an 
idea of the labours of the industrious and provident 
mother will fee fonned from the fact that each lays 
six or seven hundred eggs in the course of the sum- 
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CHAPTER IX. 



The parts of the moutii in different insects afford an 
almost endless store of deligiitfnl observations ; and tlie 
more as, with all their variety, they are found to be in 
every case composed of the same e^ential elements. 
You wotdd not think bo, indeed ; you would naturally 
suppose — looking at tlic biting jaws of a Beetle, the 
piercing proboscis of a Hag, the long elegaaitly-coiled 
sucker of a Bnttei-fiy, the linking tongue of a Bee, iJie 
cutting lancets of a Horse-fly, and the stinging tube of 
a Gnat — that each of these organs was composed on a 
plan of its own, and that no common structure could 
exist in instfuments so diverse. But it is so, as we 
shall see. 

"We may consider the various organs of the mouth 
as most hai-inoniously and perfectly developed in the 
active carnivorous Beetles, the Carabidw, or ground- 
beetles, for instance. Let us examine the head of 
this black ScariUs, from the garden ; and first from 
above. 

In front of the polislicd head-shield, and jointed to it 
by a broad transverse straight edge, is a four-aided 
piece, forming an oblong scLuare, nearly twice as broad 
as long, a little convex, and marked with six little pita 



I ..Google 



INSECTS : TUEIK MOUTHS. 161 

or sinkiiigs of the surface, along its front edge. This is 
the upper lip ; but, instead of being fleshy, as oura is, 
it is composed of a hard poKshed black shelly substance, 
of a peculiar nature, called chitine, the same substance 
BB the hard parts of all Insects and Crustacea are 
made of. 

From beneath the sides of this there project on each 
side two broad hooked pieces, which, as you see, I can 
with a needle force out laterally, so as to show their 
form better, for they hinge upon the sides of the face, 
beneath the heads-hield. Each forms the half of a cres- 
cent, the curved points of which are turned towards 
each other, and can work upon each other, the points 
crossing, like sheai'S. These are the proper biting jaws, 
or mandibles, and in many of the larger beetles they 
have great power of holding and crushing. Some- 
times, their inner side is cut into strong teeth, but here 
this side forms a blimt cutting edge ; the upper surface, 
however, is scored with ridges and fiu-rows, like a file, 
and this structure is best seen in tlie left jaw, which, 
when the pair close, crosses over the light. This is an 
action of the jaws the reverse of ours, but it is char- 
acteristic of all the articulate classes of animals, in 
which the jaws, whenever present, always work hori- 
zontally, from right to left, and not vertically, up and 

I will now, by making the forceps revolve, bring 
the under side of the head into view ; for without sep- 
ai'ating the parts by dissection (which, however, is by 
no means difficult,) it is impossible to see them all from 
one point of view. The part nearest our eye now is 
the chin, a wide horny piece, like the upper lip, jointed 
to the head by its straight hind edge, but, unlike it. 
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having its front edge hollowed out with two deep 
notches, the central piece hetween them itself notched 
at its tip. Immediately ahove this notched central 
tooth (I speak of the relative position of the parts, sup- 
posing the insect to be crawling on the ground, without 
reference to the way in which we turn it about on the 
microscope), and united with it, there is a sort of solid 
sc[uare pedestal, on which stand a pair of jointed or- 
gans, and between them an ohlong lioi-ny plate rounded 




"at the tip, where it hears two bristles. This latter is the 
tongue; while the jointed organs on each side are 
called feelers,-^a^ / though this is a begging of the 
c[uestion, for we do not really know the function of 
these organs. Tlie chin, the tongue {Uffula), and these 
palpi, constitute together the under lip. 
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Between the tongue and the biting jaws, or man- 
dibles, we see a pair of organs similar to these latter, 
bat smaller, less solid and more curved. These are the 
under or secondary jaws, TnaxUke, the use of which is 
to hold the food, while the biting jaws work on it, and 
to convey it when masticated to the back of the month. 
Their whole inner edge is set with short stiff bristles, 
which towards the tips of the jaws become spines. 
Near the base of these jaws, on the outer edge, are 
jointed two pairs more of palpi, one pair to each jaw ; 
of which the exterior is much stouter and longer than 
the interior. Thus this beetle has thi'eo pairs of these 
many-jointed organs, the labial, and the two pairs of 
mojxiMa'ry palpi. 

Now, in this form of moutli, which has been called 
a perfect or complete mouth — that is, one in which 
all the constituent parts can bo well made out, we 
find the following organs : — 1. the upper lip {lahrvm) ; 
2. the mandiMes ; 3. itie masyillw ; with a. the mtm- 
iUa/ry pal^; 4. the lower Hp (Idbvimi), comprising 
/3. the tongue, x. the laMal palpi, B. the eliin (men- 
twm). 

I now exhibit to you the head of the Honey-bee. 
The front is occnpied by an upper lip, and a pair of 
biting jaws {mand/ibles), which do not greatly differ 
from the same parts in a beetle. The jaws, however, 
are more hatchet-shaped, or rather like the hoof of a 
horse, supposing the soles to be the opposing surfaces. 
The other organs are greatly modified, so that you 
would scarcely recognise them. The under jaws {max- 
illce) are greatly lengthened, and the two, when placed 
in contact, form a kind of imperfect tube, or sheath. 
Within these is the lower lip, divided into its constit- 
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uent parts : — tlie thici: opaque chin, at its basal end ; 
then the two lahial palpi, each consisting of four joints, 
of which the two terminal ones are minute, while the 
two basal are large and greatly lengtliened so &s to 
resemble in appearance the maidUm, whoso function 
they imitate also , for tlie pin of palpi when closed 




form an inner sheath for the tongue (Ugidd). ^Finally 
you see this organ, which is tlie most curiously devel- 
oped and modified of all ; for it ia drawn out to a long 
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slender cylindrical tube, formed of a multitude of close- 
set ringa, and covered with fine hail's. Some deny it to 
be tubular, and maintain that it is sohd ; but certainly 
it appears to me to have a distinct cavity throughout, 
with thictish walls. 

Under a liigh power the structure of the investing 
hairs ia very interesting ; for they are seen to be flat 
filaments of the yellow ehitine, very much dilated at 
their hasee, and set side by side in regular whorls, the 
bottom edges of which fonn the rings of which the 
tongue is composed. The tip is probably a sensitive 
organ of taste, for it terminates in a minute globose 
pulpy body, whose surface is beset with tiny curved 
points. Thus I have pointed out to you aD the parts 
which enter into the mouth of the beetle, except the 
maxiUary ptdpi; and those, very small indeed, but 
quite distinct, you may see, on the outer edge of the 
maayiUm, just below the point where their outline begins 
to swell into ite graceful curve. 

The cylindrical tongue is capable of considerable 
extension and contraction at the will of the animal, 
being sometimes pushed far out of the mouth, and at 
others quite concealed mthin its sheath. " The man- 
ner," observes Hr. Newport, " in which the honey is 
obtained, when the organ is plunged into it at the bot- 
tom of a flower, is by lapping, or a constant succession 
of short and quick extensions and contractions of the 
organ, which occasion the fluid to accumulate upon it, 
and to ascend along its upper surface, until it reaches ' 
the orifice of the tube formed by the approximation of 
the TnansUlcB above, and of the labial palpi, and this 
part of the Ugula below." 

"Well might Swanunerdam, when describing this 
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exquisite structure, humtly exclaim, — " I cannot refrain 
from confessing, to the glory of the Immense and In- 
eomprohenBible Architect, that I have but imperfectly 
deeeribed and represented this small organ ; for, to re- 
present it to the life in its full perfection, as truly most 
perfect it is, far exceeds the utmost efforts of human 



Here you may see the implement with which tlie 
Bug performs its much-dreaded operation of blood- 
sucking ; for though this is not the head of the Bed- 
bug, but of one of the winged species that are found so 
abundantly on plants, and which I have just obtained 
by beating the hedge at tlie bottom of my garden,— yet 
the structure of the mouth is so exactly alike in all the 
members of this immense family, that one example will 
serve for all others. 

From the front of the head, which, owing to the 
manner in which this part is carried, is the lowm- part, 
proceeds a fine thread, about four times as long as the 
head itself, which passes along between the fore legs, 
close to the body, beneath the breast. It is, however, 
at the pleasui-e of the animal, capable of being brought 
up so as to point directly forward, and even projected 
in front of the head, and in the same plane as the body ; 
a fact which once came under my own observation. I 
found a Plant-bug {Pentat<mh<£) which had plunged this 
thread-like sucker of his into the body of a caterpillar, 
and was walking about with his prey, as if it were of 
no weight at all ; carrying it at the end of his sucker, 
which was held straight out from the head and a little 
elevated. He fiercely refused to allow the poor victim 
to be taken away, being doubtless engaged in sucking 
its vital juices ; jnst as the Bed-abomination victim- 



I ..Google 



INSECTS : TIIEIE HOITIHS. 167 

isee the unfortunates who liavc to sleep at some village 

"Well, we put this head with its sucker between the 
plates of the compressorium, upon the mieroseopc-stage. 
The thread is an organ composed of four lengthened 
slender jointe, beset with scattered bristles, and termin- 
ating in a point on which are placed a number of ex- 
cessively minute radiating warts,— probably the seat of 
some sensation, — perhaps taste. This jointed organ is 
the under-lip ; it ia slit all down one surface, so that it 
forms an impeifect tube, or fm'row, withia which lies 
the real weapon, a wire of far greater tenuity, which by 
pressure I can force out of its slieath. It is so slender 
that ita average diameter is not more than TiV^tli of 
an inch, and it ends in the most acute point ; yet this 
is not a single body, but consists of four distinct wires, 
lying within one another, and representing the maxillEe 
and the mandibles. These can be sepai-ated by the in- 
sect, and will sometimes open when under examination ; 
but no instrument that I can apply to them is suffi- 
ciently delicate to effect their separation at my pleas- 
ure. Just at the very tip, however, under this high 
power, we can see, by the semi- transparency of the 
amber-coloured chitine of which the organ is composed, 
that there is another tip a little shorter, and as it were 
contained within the other. This inner point is cut 
along its edges into saw-teeth pointing backward. 
Such exquisite mechanism is bestowed upon the struc- 
ture, and such elaborate contrivance is displayed for the 
comfort of an obscure and obscene insect, by Him who 
has not disdained to-axercise his skill and wisdom in its 
creation ! 

You know the stout flies which are denominated 
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Horse-flies or Whame-flies {Talamis), which are so 
numerous m the latter part of summer flying around 
horses, and men too, if we intrude upon their domains. 
They are continually alighting on flie ohjcets of their 
attentions, and though driven away, returning with 
annoying pertinacity to the attack. You may always 
recognise them by the brilliant metallic hues — reds, yel- 
lows, and greens, — ^with which their large eyes are 
painted, often in stripes or bands. These are voracious 
blood-suekers ; and, as might be supposed from their 
pi-opensities, they are well furnished with lancets for 
their surgery. Here you may see their case of instru- 
ments, which are so effective, that E6aumur tells us, 
that having compelled one to disgorge tlie blood it had 
swallowed, the quantity appeared to him greater than 
the whole body of the insect could have been supposed 
capable of containing. 

All the parts here are formed of the common amber- 
colom-ed chitine, brilliantly clear and translucent. The 
upper hp forms a sort of straight sheath, in which all 
the other pai'ts are lodged when not in use. Tlie mtm- 
dihles are narrow lancets ; of which one edge near the 
tip is beset with reverted saw-teeth, and the opposite 
edge with excessively sharp points standing out at right 
angles, while the surface is roughened with lozenge- 
shaped knobs set in regular rows. Eelow these are the 
mamUw, which arc the principal cutting instruments ; 
these aro shaped like a carving-knife with a broad 
blade, sh-engthened at the basal part of the back by a 
thick ridge, but brought to a double edge near the tip. 
The back-edge is perfectly fine and smooth, so that the 
highest powers of the microscope can only just define 
its outline ; while the other edge is notched into teeth 
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SO delicate, that twelve of them are cut in the length of 
a ten-thousandth part of an inch ; and yet they are 
quite regular and symmetrical in length, height and 
form I I know of no structure of the kind which equals 
this. These teeth ave continued throughout the inner 
edge of tho blade from the tip to the base, and are 
about eight hundred in number ; though the length of 
the entire blade is only such that upwards of a hundred 
and fifty of them, if laid end to end, would not reach to 
the extent of an inch 1 

Tlie office of these wonderful instruments is doubt- 
less to cut and enlarge the wound within, and thus pro- 
mote the flow of blood. The whole apparatus is 
plnnged into the flesh of tho victim — ^horse or man ; 
then the maxiUce expand, cutting as they go, and doubt- 
less working to and fro as well as laterally, so as to saw 
the minut-er blood-vessels. At the same time the mcm- 
MMea, with their saw-teeth on one side, and pricking 
points on the other, work in like manner, hut seem to 
have a wider range. Finally, there is an exceedingly 
dehcate piece beneath all, which seems to represent the 
lalium or under lip. 

Tn the active and cunning little Flea, that makes 
his attacks upon us beneath the shelter of the blankets 
and under cover of night, the piercing and cutting 
blades are very minute, and have a peculiar armature. 
They remind me (only in miniature of course) of those 
formidable flat weapons which we often see in mu- 
seums, the rostrums of the huge Saw-fishes (PrisHs) ; a 
great plate of bone covered with grey sliin, and set 
along each side with a row of serried teeth. Here the 
blades are similar in form, being long straight naiTOW 
laminte of transparent chitine, set along each edge with 
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a double row of glassy points, ■wliieli project from the 
surface, and are then hooked backwards. These are the 
mam,dibles, and they closely fold together, inclosing an- 
other narrower blade, the upper lip, which has its two 
edges studded with similar points, bnt in a single 
row. 

In general, ob we have seen, tlie ma^iU(B are the 
specially armed weapons, the mam-dibles acting a second- 
ary part, often serving as mere aheathB — in those insects 
wliieh pierce other animals with the mouth. But in 
this case the mandibles are the favoured parts, the maa;- 
ill(B being developed into broad leaf-shaped convex 
sheaths, inelt^ing the mandihlss. 

There are, however, two cutting blades besides, — 
the labial pal^, which have their upper edge thick, 
divided into four distinct joints, and set with bristles, — 
thus retaining the proper palpine ebaraeter, while their 
under edge is thinned away to a fine keen blade, in 
which there is no sign of jointing. Tlien there are the 
maxiUary pcdpi, of which the joints are furnished at 
their tips with tiny projecting warts, doubtless the seats 
of a delicate perception, and hoRowed into a double 
series of chambers, which are filled witl) a dark-coloured 
fiuid. 

All this is veiy interesting to behold, and is calcu- 
lated to exalt our ideas of the wonderful and inexhaustr 
ible resources of Omnipotence, as well as to humble us, 
when we reflect on how little we certainly understand 
even of what we see. But common as the Plea is, it is 
not a matter <^ course that you will be able to repeat 
these observations with the first specimen you put on 
the stage of yoiu* microscope. Several favourable con- 
ditions must combine in order to insure a successful ex- 
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animation. You Bhould clioose a female Flea, partly 
becaiise of hei' greatei' size, and partly becanse the pre- 
datory weapons are better developed, in all tliese pierc- 
ing and sncking insects, in the females, — true Amaj;ons. 
Then you will iind it needful to amputate the head, in 
order to get rid of the front legs, the thick thighs of 
which else impede your sight of the mouth, being pro-, 
jected on each side of it. And this is a delicate opera- 
tion : it must be performed on a plate of a glass, under 
a lens, with one of those dissecting needles whose points 
are ground to a eutting-edge. "Next, having served the 
head, you must place it in a drop of water, between the 
plates of your eompressorium, the graduated pi'essure 
of which, by means of the screw, will cause the organs 
of the mouth to open and expand separately. !B"inally, 
yon must have a good instrument, and a high power : 
lees than 600 diameters will not avail to bring out dis- 
tinctly the toothiug of the maTidihles and IcJyfwm; and 
even then you will need delicate manipulation and a 
practised eye. But the object is worthy of the care 
bestowed upon it. 

Once more. Let us submit to examination the 
complex case of instniments wherewith the Gnat per- 
foi-ms her unwelcome yet sbUfui surgery. I say " lier," 
because among the Gnats, as among most of these 
punctm-ing insects, it is the females only who attain 
skUl in the phlebotomie ai-t, the males being innocent 
of any share in it, and being indeed unprovided with 
the needful implements. 

Here is a large specimen, resting with elevated hind 
legs on the ceiling, and now in alarm off with shrill 
humming flight to the window. I decapitate her with- 
out compunction, as it is hut a fair penalty for her 
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murderous deeds ; and, as of old tlie axeman held up 
" the head of a h-aitor " to public gaze, so I lay this 
head on the glass of the compressoriuni for your con- 
templation. 

And before I apply pressure to ilie gla^-plate, de- 
vote a moment's attention to the tout ensemble. Fhet, 
tlje head itself is a hemisphei-e, ahnost wholly occupied 
with the two compound eyes, which present the heauti- 
fnl appearance of a globe of black velvet, studded with 
gold buttons arranged in lines crossing each other at 
right angles. The summit of the head, where the two 
compound eyes unite, hears a sort of rounded pedestal, 
tie area of which forms the sole part of the head not 
covered hy the organs of vision. On this are placed, 
side hy side, the two antennae, springing from rounded 
bulbous bases ; they consist of twelve (exclusive of the 
basal hulb) cylindrical joints, which ai-e beset on all 
sides with short arched hairs, hut have besides a whorl 
of radiatmg long hairs sun'ounding the bottom of eadi 
joint. The effect of this is exceedingly light and ele- 
gant. 

Between these projects a long cylinder, which re- 
presents the lower lip (labiuin) ; it slightly swells to- 
wards the tip, where it forms a round, nut-like knob, 
covered with exceedingly minute papillte, and no doubt 
constituting a highly sensitive organ of touch. For 
the greatest part of ite length it is covered with lined 
scales, and with short arched hairs, like the antennse, 
while each side of its base is guarded by a labial palp 
of three joints. 

On applying a graduated pressure, slowly increased 
to actual contact of the plates (or as neai* an approxi- 
mation to it as we can effect), we see fu-et that the nut- 
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\i\e tip of tlie laHum expands into two concave leaves, 
like the bracta of a bud, and displays two paij's of moro 
delicate leaves witliin tliem. Then from a groove along 
tbe npper aide of the lahhnn, epiing out several fila- 
ments of great elasticity and of the most delicate tenu- 
ity. One pair of tliese reprraent the mandibles ; they 
consist each of a very nairow blade with a stronger 
back like that of a scythe. Their tip is brought to a 
moat acute point, and tlie edge in immediate proximity 
to tbia is cut into about nine teeth pointing backward : 
the rest of the edge is smootli, 
but the whole blade is crossed i 
by a nmltitnde of oblique lines 
of great delicacy, which may be 
intended to keep the edge con- 
Btautly keen. 

Next come the maxUlw, or 
lower jaws, horny filaments as 
long as the former, but still more 
delicate, constituting simple cut- 
ting lancets, ■with a back and a 
keen blade, a little widening at 
the tip. 

Besides ilioso there is the 
ioTiffue, consisting of a central 
rod which is distinctly tubular, 
and of a thin blade on each side, 
fine-edged and drawn to an acute 
point. And also the labrum or 
upper lip, an organ having the 
same general form, but consti- 
tuting an imperfect tube ; a tube, 
that is to say, from wliich about a third of the periphery 
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is cut away, so as to serve as a, sheath for tlie tongue, 
which ordinarily hes within its coacavity. 

I scarcely know whether this apparatns is not more 
wonderfully delicate than any we have examined ; — 
even than that of the Ylea. And how effective it is 
yon doubtless well know ; for when the array of lancets 
is introduced into the flesh, you are aware that a tumour 
is left, which hy its smart, itching, and inflammation, 
causes much distress, and lasts many hoars. This effect 
is probably produced partly by the deep penetration of 
the inetrumenta,— for tliey are fully one-sixth of an inch 
in length, and they are inserted to their veiy haee, — 
and pai-tly by tlie injection of a poisonous fluid, intend- 
ed, as has been conjecturally suggested, to dilute the 
blood and make it more readily flow up the capillaiy 
tubes, Tlie channel througli which this fluid is injected 
is probably the tongue, which you see to be permeated 
by a tube containing a fluid ; and the same channel 
may afford ingress to the diluted blood. 

Tlie lahiwn does not enter the wound. If you have 
ever had the philosophic patience to watch a gnat 
while puncturing your hand, you have observed tliat 
the knob at the end of the proboscis is applied to the 
skin, and that then the organ bends with an angle 
more and more acute, until at length it fonna a double 
line, being folded on itself, so that the base is broiight 
into close proximity to the skin. Meanwhile the lan- 
cets have all been plunged in, and ai'e now smik into 
your flesh to their very bottom, while the labium, 
which formed merely the sheath for tho whole, is bent 
up upon itself, ready again to assume its straight form, 
as soon aa tbe disengaged lancets require its protec- 
tion, 
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The tongue of the common Fies (House-fly, Blow- 
fly, &c.) is an exquisite microscopical object, from its 
extreme complexity and teauty. Tou are familiar 
■with the way in -which a fly, having alighted close to a 
drop of tea on the table, applies to it a proboscis with 
large dilated extremity, and presently licks it all np. 
Tou shall now see the cvu'ious implement by which this 
is efl'ected. 

The liroad portion of the object before ua, forming 
its bottom part, bristling with course black hair, is the 




front of the head of a Blow-fly. From the midst of this 
projects a dai-k brown mass terminating in two points, 
and inclosing n narrower and darker object with two 
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long slender roots, dilated at tbek bases ; — this ie tlio 
pair of mcKdUcB altered and modifled into a kind of 
sheath for the mandibles. On each side projects an 
elegant chtt, bristled "with coai'se black liair, and cov- 
ered besides with a coat of vei-y minute hairs ; these 
clubs are the maxillary palpi. 

But now we come to the terminal pai-t, consisting 
of a pair of lobes, together fomiing a rounded triangle 
in their outline. This is the dilated and thickened ter- 
mination of the IcAvwm, and is the insti'nmeut by which 
Ihe licjuids are so rapidly sucked np. It is impossible 
to describe this beautiful stmcture intelligibly : and 
indeed it is not ■well miderstood even by those who 
have devoted their lives to this branch of natm-al 
science, Tlie pnncipal feature apparent is a wide clear 
membrane, through which run with admirable sym- 
metry a series of tubes. Tliese tubes consist of four 
primary ones, all originating near the centre of the ex- 
pansion, and radiating thence, two backward towards 
the two lateral angles of tlie triangle, and the other two 
nearly side by side towai-ds its point. From each of 
tliese, along its outer side only, branch off the minor 
tubes, very numerous and close together, going off in a 
slightly sinuous line direct to the margin, diminisliing 
regularly in their course, and at their extremities curv- 
ing over, so as to bring their open tips to the surface of 
the skin. 

The construction of these tubes is higlily interest- 
ing : they are formed, like the air-pipes (traohew), of a 
multitude of homy ruigs ; but with this peculiarity, 
that the rings do not form a continuous spiral, but ai'C 
separate and distinct ; and are moreover imperfect ; 
for each wire (so to spealc) does not perform a c 
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circle, but only aliout two-tliivds of a circle, leaving a 
blank space ; and the tips of the wires end alternately 
in a fine acute point, and in a rounded fork, like the 
prongs of a pitch-fork. It has been, said that these 
tubes are modified frachea y hut this fact ia by no 
means obvions to me ; for so far from their being con- 
nected with the general tracheal system, each of tlie 
fom main tubes originates in an open centre, and each 
with an open extremity. I tliint it likely that they are 
so many suctorial pipes, through which the fluid to be 
drunk is pumped up, entering at their minute open 
tips, and discharging itself into the centi'al cavity, by 
the open basal extremities of the main tubes. 

The most extraordinary modification of jaws, how- 
erer, is the long spiral tube which is ordinarily coiled 
up under the face of a Butterfly or Motli, with which 
it pimipa up the sweet nectar of fiowers. Many flow- 
ers have a deep corolla, and most have the bases of 
their petab, where the nectar lies, so far from the level 
of the surface, that probing is necessary to reach it. 
Bees can enter tubular flowers, and lick their bottoms ; 
and even blossoms that are closed, as the Snapdragon, 
they loiow how to force and enter. But Butterflies, 
wiUi their wide wings, incapable of being folded, can- 
not enter flowere bodily, and therefore a pecuUar ap- 
paratus is given them for robbing their contents, as it 
were, at the doors. 

Nothing is easier than to examine this beautiful or- 
gan with the naked eye ; and much may be learned of 
its structure by means of a pocket lens. Yon may thus 
see in a moment, that it forms a fiat spiral of several 
coils, like the mainspring of a watch ; that it runs ofi' 
to a point, and that this point is double, for it is fre- 
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quently seen separate a considerable way up. Hence 
you would probably infer tliat the organ consists of 
two equal and coasimilar halves, united longitudinally. 
And so, indeed, it does ; and these halves are the rep- 
resentatiTes of the mamUtB or lower jaws of the Beetle, 
being tliua gi-eatly developed at the expense of almost 
all the other pai'ts. The upper lip and the iiumMUes 
are discernible only in the form of three most minute 
plates ; the laiial palpi are large and prominent, — 
those well-haired points that project in front of the 
head, one on each side of the spire. This spiral form 
of the inaxiUm is called antUa. 

It is not, however, very easy to fix it in an extended 
condition on a slip of glass, so as that it shall lie flat 
throughout its whole length, without injuring the parts 
or so agglutinating them together, that their sti'ucture 
ia concealed or distorted, and in either case unfitted for 
microscopical examination. The specimen which I have 
prepared, from the mouth of the Small Garden White 
Butterfly, is stretched, and fixed in balsam, and will I 
think show you the structure imder a high power very 
well. 

Before we examine it, however, I wiU cite you the 
description of one of the most eminent of microscopical 
anatomists, Mr, Ifewport He considers each maxilla 
to be composed of an immense number of short trans- 
verse muscular rings, which are convex externally and 
concave internally, the two connected organs forming a 
tube. Within each there are one or more lai'ge traohe(B 
connected with the trachece in the head, Tlie inner or 
concave surface which forms the tube is lined witli a 
very smooth membrane, and extends along tlie anterior 
margin throughout the whole length of the organ. At 
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its commencement it the apex, it occupies nearly the 
whole breadth ol the cigan, ind is emaller than at its 
termination ncai the mouth, where the concavity or 
groove does not occupy inuie tliin about one-thu'd of 
the breadth. In some species, the extremity of each 
maayUla is furnisbed along its anteiior and lateral mai'- 
gin with a great number of mmuto jx^illw. These, in 
Vanessa Atalanta (the Bed Admiral Entterfly) for in- 
stance, form little barrel-ahaped bodies, fumislied at the 
free end with tliree or more marginal teeth, and a larger 
pointed body in the centre. There nre eeventy-four of 
*3iese in each maxilla, or half the proboscis. Mi: Kew- 
port regards them as probably organs of taste. There 
are also some curious appendages arranged along the 
inner anterior margin of each jtiaxiUa, in the form of 
minute hooks, which, when the proboscis is extended, 
servo to unite the two halves together, by the points of 
the hooks in one half being inserted into little depres- 
sions between the teeth of tlie opposite side ; eometiines 
tliese are furnished with a tooth below their tips. 

With all deference for so respectable an authority, 
I cannot help seeing tliat such is not the structure of the 
antlia before us. It is evident to me tliat each half tube 
is composed of a membrane stretched upon stiff horny 
semi-rings, doubtless composed of chitine, and certainly 
uot musculaT. By bringing the outline of tlie rounded 
exterior into focus, we see that these rings form shai'p 
ridges ; and by tracing them onwards to the attenuated 
exh-emity of the organ, we sec them gi-adually give way 
to transverse lines of interrupted ridgy warts upon the 
outside of the membrane. The time muscles appear to 
be indicated by those obliq^ne lines and bands that are 
seen in the interior, beneath the homy rings. 
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Tl p slio s ly distinctly tliat the two 

Bilsiebt t bul ind as one pair of the op- 

p 5 ^ e(J!,eB a e open at each extremity, and the other 
p sej arate throughout, we are 
ible to discern very clearly the 
ar y ot hoots, by which the edges 
a e n ted at the will of the animal. 
No tr CO of the curious little point- 
c 1 bar el-shaped papUlm is found 
I e I 1 1 have seen it in other 
e n|l 3. 

I ems highly probable, from 
tl e o! servations of the excellent 
a aton at just named, that the ex- 
hiu t on of the nectar of a flower, 
fleeted ■« th g eat rapidity and completeness, 
is a process dependent on respiration, and connected 
with the air-pipo that permeates each division of the 
sucker. 

It will not lie a very violent transition, if from the 
sucking pump of the Butterfly I carry you to the silk- 
epiuncr of the caterpillar. Here I have a Silkworm in 
the act of commencing its cocoon ; by inclosing which 
in this glass tube, we shall conveniently have the insect 
at command, and shall be able to view the process un- 
der a low magnifying power and reflected light. Now 
the grey face of the wonn is presented to us ; and we 
can see, below the edge of the head-shield, a short broad 
upper lip, forming two blunt points. Below this is Ihe 
pair of strong bro^vn mandihles, convex outwardly and 
concave inwardly, each cut at its broad biting edge into 
several teeth. Below tliese are two little points which 
represent the maxUlm, and between them a blunt 
rounded knob, which is the lower lip {l<^ium). 
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You may also see, oa each cheek, close to the base 
of the mandihU, a little pit, out of -which rises a short 
colnmiiar organ tipped with two bristles ; these columns 
are the incipient oint&muB. Outside them you may dis- 
cern on each cheek, a series of six globes of glass (so 
they appear) set in tlie substance of tlie skin, — ^nve form- 
ing a semicircle, and one in the centre ; these are " the 
windows at which the [sillc worm's] sonl looks throiigh," 
—provided he has any sonl — in prosaic parlance, his 
eyes. 

JSTow, having thus introduced the several membere 
of our useful friend's physiognomy to you, let me call 
your attention to a fleshy wart just heueatli the lower 
lip, and midway between the bases of tlie two fore legs. 
This wart terminates in -a horny point not nnliliS a bird's 
beak, which is perforated, and from the tip of which the 
glistening yellow filament of silk is ever di'awn ont, aa 
tlie catei-pillar tlirows his head from side to side. This 
pointed wart is the spinning organ ; and the thread of 
silk is, as it issues from the orifice, a floid gnm, which 
hai"dens immediately on its exposure to the air. The 
silk-gum is secreted by the catei"pillar in two long blind 
tubes, which lie twisted and coiled in the interior of the 
body, occupying nearly the whole space, except that 
which is taken up by the gi-eat digestive canal. These 
become very slender as they approach tlie head, and at 
length terminate in a dilated reservoir, which opens by 
the little pointed wart which, you have just seen. 

Many caterpillars are able to suspend themselves at 
pleasure by means of the thread which they are spin- 
ning, lengthening it and " stopping it off," at will. This 
latter operation they perform (though they cannot reeal 
the thread when once it has issued) by means of an an- 
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gular point formed by tlie two slender tubes Jit their 
junction in tlie reservoir ; thus compressing tlie tliread 
of gum, and so preventing any more from issuing. The 
gum is perfectly coloui'leaa in the reservoir, but as it 
issues forth becomes coated -with a varnish, which is 
secreted in the same organ, and which is poured out at 
the same time. In tlie case of the common Silkworm, 
this varnish imparts to the silk that brilliant yellow hue 
which it generally poeeeeses, and which, as the varnish 
is soluble, can be easily discharged from it in the man- 
ufacture. 
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CHAPTER X. 



A VERY wide field of observation, aud one easily cul- 
tivated, is presented by the organs of sense in the in- 
sect races, and in particnlar by tbose ciuious jointed 
threads which proceed from the front or sides of the 
head, aiid which are technically called mitemice. These 
may sometimes be confounded with the paJ/pi, examples 
of which organs we have been lately looking at ; for 
in a carnivorous Beetle, for instance, both pal^i and 
tmtennm are formed of a number of oblong, polislied 
hai'd joints, set end to end, like beads on a necklace. 
And it is probable there may be as much commimity 
in the function as in the form of these two sets of 
appendages ; that both are the seats of some very deli- 
cate perceptive faculty allied to touch, but of which we 
cannot, from ignorance, speak very definitely. It is 
likely, uideed, that sensations of a very variable char- 
acter ai'e perceived by them, according to their form, 
the degree of their development, and the habits of the 
species. 

It is not impossible, judging from the very great 
diversity which we find in the form and structure of 
these and similar organs in this immense class of beings, 
compared with the uniformity that prevails in the or- 
gans of sense bestowed on oiirselvcs and other verte- 
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bratc animalB,— that are far wider sphere of perception 
X8 open to tliem than to us. Perliaps conditions that 
are appreciable to us only by the aid of the moat deli- 
cate iiistnimcnts of modei'n science may be appreciable 
to their acute faculties, and may govern their instiuctfi 
and actions. Among ench we may mention, coiijec- 
turally, the comparative moisture or dimness of the at- 
mosphere, delicate changes iu its temperature, in ita 
density, the presence of gaseous exhalations, the prox- 
imity of sohd bodies indicated by subtile vibrations of 
the air, the height above the earth at which flight is per- 
formed, measui-ed barometrically, the vaiious electrical 
conditions of the atmosphere ; and perhaps many other 
physical diversities which cannot be classed under sight, 
sound, smell, taste, or touch, and which may be alto- 
gether unappreciable, and tlierefore altogether incon- 
ceivable, by us. It is probable, however, that the (m- 
tennm ai'e tlie organs in which tlie sense of hearing is 
specially seated ; a conclusion which has long been con- 
jecturally held, and which is confirmed by some obser- 
vations recently made on the analogous organs in tlie 
Orustwxa^ which I will allude to more pai-ticulai'ly 
presently. 

The forms which are assumed by the antennm of 
Insects ai'e very diverse ; and I can bi-ing before you 
only a very small selection ont of the mass. 0]ie of 
the most simple forms is that foimd in many Beetles, 
as in this Carahus for example. Here, each antenna is 
composed of eleven joints, almost exactly alike and 
symmetrical, each joint a homy body of apparently a 
long-oval shape, polished on the surface, but not smooth, 
because covered with minute depressed lines, and 
clothed with shaggy hair. There is, however, a slight 
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illusion in tlie appeai'ance : it eeems as if tlie dividing 
point of the joints were, aa I have just said, at the ter- 
mination of the oval, but when we look closely we see 
that the Bummit of each oval is, as it were, cut off by a 
line, and by comparing tlie basal joints with the others, 
we see that this line is the real division, that the sum- 
mit of the oval really foniis the bottom of the succeed- 
ing joint, and that the constricted pai't is no ai'ticula- 
tion at all. The first, or basal joint (called the scapus), 
and the second (called the pediceUa), differ in fonn 
from the rest, here but slightly, but often considerably. 
The whole of tlie remaining joints are together termed 
the cla/oola. 

You may see a considerable diversity of figure and 
of aspect generally in this thiy WecvU, which may be 
accepted ss a reprraentative of a great family of 
Beetles, the Curculionidw. The manner of their in- 
sertion strikes us at first sight as peciiliar, as is in fact 
the aspect of the whole head. Instead of a thick sub- 
stantial solid front, witli powerful widely-gaping jaws, 
such as we saw in tlie Carabus, here projects from be- 
tween the eyes a long rod-like proboscis, as long as the 
whole animal besides, curving downwards, and cany- 
ing at its very extremity a minute mouth, with all the 
proper apparatus of lips, jaws, and palpi. Moreover, 
the antennw are planted on the two aides of this beali, 
about its mid-length ; and they are curiously elbowed, 
each projecting horizontally at a right angle to tlic 
beak for a considei-able distance, and then with a sharp 
angle becoming parallel to it for tlie remainder of their 
lengtli. So that, supposing the tenninal half of the 
bealc to be broken off just behind tlie insertion of the 
antennce, the whole would compose the letter T, I^ow, 
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the firet bend of this angle ia composed of a single 
joint, the scapus, which is, in this family, gi'eatly 
lengthened; and then the two or three final joints 
are much thieher than all the others, and are as it 
were fused together into a large oval knob, called the 
ehib. 

iN'ow, a word or two in explanation of this very sin- 
gnlar form of head and head-organs. The larva or 
grub stage of these hisecta is destined to be passed in 
the interior of fniits and seeds ; the individual which 
we have been examining (Jiatofiinus nucum) was horn 
one morning in August in the interior of a hazel-nut. 
Its parent had chosen a suitable nut, just then when 
it is set for fruit, and as yet green and soft ; and had 
with her proboscis, or rather with her jawe at its tip, us 
with a gimlet, bored a tiny hole through the yielding 
shell iato the very interior ; then tm'ning round, and 
inserting the extremity of her abdomen with its ovipos- 
itor, she had shot an egg into this dark cavity. The 
jniees poured forth at the wound soon healed the ori- 
tlce ; the nnt grew ; and presently the egg became a 
little white grub. He then rioted in plenty ; prolonged 
his darkUng feast 

" Fcom night to mom, fcora mom to dewy eye ; " 

— 'twtK all " dewy eve" to him, by the way, for no 
ray of light saw he, till that prosperous condition of 
existence was done. K"o wonder he gi'ow fat ; and fat 
tliose rogues of nut-weevils always are, as you well 
know, "WeU, when the nut fell, in October, the kernel 
was all gone, completely devoured, and our little high- 
way-robher was ready for his winter sleep ; he gnawed 
a fresh hole through the now hard shell, made his way 
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out, and immediately burrowed into the earth, wliero 
lie lay till Jime ; then hecame a pupa, and emerged 
jnst what you see liim, a !ong-snonted beetle like his 
mother, in the heginning of August. 

Sttch is liis " short eventful history ; " and you now 
see that tlie long beak is formed entirely with reference 
to this economy ; it is an auger fitted to bore holes into 
shell-fmits through their envelopes, for the reception of 

There is a veiy extensive family of Beetles known 
as Zamdlicornes, hecauae the antennal joints arc sin- 
gularly flattened and applied one over the other like 
the leaves of a book {IcmieUa, a leaf). Here is a very 
commoi httlo C! afei f un 1 tn the droppings in pas- 
tures {Apfiodtvs fi m-tai s) in which the last three 




joints constituting the club of the ayiUnna, aie of an 
ovate form, and flattened, so as to he one on another 
quite close, like tliree oval eakes , ind being conncLted 
only at one end of tlie long axis, they open and shut at 
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tlie pleasure of tlic animal, liko a long pocket memo- 
randnm-book of three leaves. 

But this etracture is seen to still greater advantage 
ill the mueh lai-ger Oockcliafer, so abundant in May 
in some seasons. !H"or liere the joints composing the 
club are ranch more numeroiTS (seven in the male, six 
in. the female), and they are proportionally longei- 
and tliinner, and therefore more leaf-like. The insect 
widely eKpands tliem, evidently to receive impressions 
from the atmosphere ; when alarmed, they are closed 
and withdrawn beneath the shield of the head, but on 
the first essay towards escape, or any kind of forward 
movement, the leaves are Avidely opened, and then 
after an instant's pause to test the perceptions on the 
sensorium, away it travels. 

In some Beetles each joint of tlie series has one of 
its outer angles more developed tlian the other, and so 
produced as to make, with the rest of the joints, a saw- 
like edge : you may see an example in this Click-beetle 
or Skipjack (Mater) ; but many members of the same 
family show the same structure in a far higlier degree, 
the angle being drawn out in a long slender rod, which 
(with its fellows) imparts to the antenna the appearance 
of a comb. 

But much more curious and beautiful are the an- 
tcnnse of many Moths, which often resemble featliers, 
particularly in the gronp Bomhycina, of which the 
Silkworm is an example ; and in the male sex, wliioh 
displays this structui-e more than the female. But I 
will show yon a native example. 

This is tlie antenna of a large and handsome, and 
not at all uncommon moth — the Oak Egger {Lasio- 
ecmipa gu&rGii8). It consists of about seventy joints, so 
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nearly alike in size and outline, tliat the whole foims 
an almost straight rod, eliglitly tapering to the tip. 
Each jouit, however, sends fortli two long straight 
branches, so disposed that the pair malie a very acute 
angle, and the whole double series of seventy on each 
side, form a deep narrow groove. Tliese two series 
of branehes, being perfectly regular and Bymmetrieal, 
impart to the antennae the aspect of exqnisite feathers. 

It is, however, when we examine the elements of 
tliis struetui-e in detail, using moderately high powers 
of enlargement, that we are struck with the elaborate- 
ness of the workmanship bestowed upon them. Each 
of the lateral branch^ is a straight rod, thick at its 
origin, whence it tapei"s to a little beyond its middle, 
and then thickens again to its tip. Here two homy 
spines project from it obliquely, one much stouter than 
the other, at such an angle as nearly to touch the tip 
of the succeeding branch. 

Besides this, each branch is suiTounded throughout 
its length with a series of short stiff bristles, very close- 
set, projecting horizontally (to the plane of the axis of 
the branch), and bent upwards at the end candelabnim- 
fashion. Tlie mode in which they are arranged is in a 
short spiral, which makes about foi-ty-five whorls or 
turns about the axis ; at least in the brandies which ai-e 
situated about the middle of the antenna ; for these 
diminish in length towards the exti'emity, bringing the 
feather to a rather abiiipt point. 

The entire surface of the branch gleams under re- 
fleeted light with metallic hues, chiefly yellows and 
bronzy gi'eens ; which appear to depend on very mi- 
nute and closely-applied scales tliat overlap each otlier. 
'He main stem of the feather, — that is, the primary rod 
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or axia,— is somewlmt sparsely clotlied with scales of 
another kind, thin, oblong, flat plates, notched at the 
end, and very slightly attached by means of a minntc 
stem at the base, — the common clothing-scales of the 
Lepidoptera,^ — specimens of which we have before ex- 
amined. 

We may acquire some glimpse of a notion why this 
remarltable development of antennse is betowed upon 
the male sex of this moth, by an acquaintance with its 
habits. It has been long a practice with entomologists, 
when they have reai-ed a female moth from the chry- 
salis, to avail themselves of the instincts of the species 
to capture the male. This sex has an extraordinary 
power of discovering the female at immense distances, 
and thongh perfectly concealed ; and will crowd to- 




wards her from all quarters, entering into houses, beat- 
ing at windows, and even descending chimneys, to 
come at the dear object of their solicitude. Collectors 
call this mode of procuring the male " sembling," that 
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is, " assembling ^^ because the insects of this sex assemble 
at one point. It cannot be practieed with all insects, 
nor even with all moths ; those of this family, Bomhy- 
eidw, WQ in general available ; and of these, none is 
more celebrated for the habit than the Oak Egger. 
The very individual whose antenna has furnished us 
witli this observation was taken in this way ; for hav- 
ing bred a female of this species the evening before last, 
I put her into a basket, in my parlour. One male, the 
same evening, came dashing into the kitchen ; but yes- 
terday, soon after noon, in the hot sunshine of August, 
no fewer than four more males came rapidly in sueees- 
sion to the parlour window, which was a little open, and, 
after beating about the panes a few minutes, found 
their way in, and made straightway for the basket, 
totally regardless of their own liberty. 

It must be manifest to you that some extraordinary 
sense is bestowed upon these motlis, or else some ordi- 
nary and well-known sense in extraordinary development. 
It may be smell ; it may he hearing ; but neither odour 
nor sound, perceptible by our dull faculties, is given 
forth by the females ; the emanation is far too subtile 
to produce any vibrations on om' sensoriuni, and yet 
sufficiently potent, and widely diffused, to call tliese 
males from their distant retreats in the hedges and 
woods. I think it highly probable that the great in- 
crease of surface given to the antennse by the plumose 
ramitication we have been observing, is connected 
with the faculty ; perhaps every bristle of the spiral 
whorls is a perceptive organ, constructed to vibrate 
with the tender undulations that circle far and wide 
from the new-bom female. Surely the ways of God in 
creation, as well as in moral government, are " past 
finding out ! " 
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The Jiiale Gnat pi'eseiits in its aiitennfo a pair of 
plumes of equal beauty, but of a totally different char- 
acter. The pattern here is one of exceeding lightness 
and grace, as you may eee in this specimen. Each an- 
teimsB IB ^sentially a very slender cylindrical stem of 
many joints (about fourteen) ; at each Joint springs out 
a whorl of fine hairs of great length and delicacy, which 
radiate in various directions (not, however, forming a 
complete circle), curving upward like the outline of a 
saucer, supposing the stem to he inserted into its centre. 
The length of these hairs is so great that the diameter 
of their sweep equals, if it does not exceed, the wliole 
length of the antenna. 

In the tribe of two-winged insects, whicli we term, 
■par excellence, Flira (Muscadw), the antennse are of 
peculiar structure. Tlie common House-fly shall ^ve 
ns a good example. Here, in front of the head, is a 
shell-like concavity, divided into two by a central ridge. 
Just at the summit of this project are the two antennfe, 
originating close together, and diverging as they pro- 
ceed. Each antenna consists of three joints, of which 
the first is very minute, the second is a reversed cone, 
and the tlnrd, which is large, thick, and ovate, is bent 
abmptly downwai-ds immediately in front of the con- 
cavity. From the upper part of this third joint pro- 
jects obliquely a stiff bristle or style, which tapers to a 
fine point. It is densely hairy thi'oughout ; and ia 
more beset with longer hairs, on two opposite sides, 
which decrease regularly in length from the base, mak- 
ing a wide and pointed plume. 

Such are a few examples of what are presumed to 
be the ears of Insects ; let us now tui-n our attention 
to their eyes. And we can scarcely select a more hi-il- 
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liant, or a larger example, tlian is presented ty tliis line 
Dragon-fly {.j^lmd), which I just now caught as it was 
hawking to and fro in mj garden. How gorgeously 
beautiful are these two great hemispheres that almost 
compose the head, each shining with a soft satiny lustre 
of azure hue, surrounded by olive-green, and marked. 
with undefined blaelc spots, which change their place 
as you move the insect round I 

Each of these hemispheres is a compound eye. I 
put the insect in the stage-forceps, and bring a low 
power to bear upon it with reflected light. You see 
an infinite number of hexagons, of the most accurate 
symmetry and regulai-ity of arrangement. Into those 
wliich are in the centre of the field of view, the eye 
can penetrate far down, and you perceive that they are 
tubes ; of those which recede from the centre, you dis- 
cern more and more of the sides ; whUe, by delicate 
adjustment of the focus, you can see that each tube is 
not open, but is covered with a convex arch, of some 
glassy medium polished and ti'ansparent as crystal. 
There are, according to the computations of accurate 
naturalists, not fewer than 24,000 of these convex 
lenses in the two eyes of such a large species of Dragon- 
fly as this. 

Every one of these 34,000 bodies represents a per- 
fect eye ; every one is furnished with all the apparatus 
and combinations requisite for diethiet vision ; and 
there is no doubt that the Dragon-fly looks through 
them all. In order to explain this, I must enter into 
a little technical explanation of the anatomy of the 
organs, as they have been demonstrated by careful dis- 
section. 

The glassy convex plate or facet in front of each 
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hexagon is a ooniea, or comeule, aa it lias been called. 
Behind each cornea, instead of a crystdllme lens, there 
descends a slender transparent pyramid, whose base is 
the cornea, and whose apex points towards the interior, 
where it is received and embraced by a translucent 
cup, answering to the vitreous htmwur. This, in its 
turn, is surroTinded by another cup, formed by the ex- 
pansion of a nervous filament arising from the ganglion 
on the extremity of the optic nerve, a short distance 
from the brain. Each lens-like pyramid, with its vit- 
reous cup and nervous filament, is completely sur- 
ronnded and isolated by a coat (the choroid) of dark 
pigment, except that there is a minute orifice ot pupil 
behind the cornea, where the rays of light enter the 
pyramid, and one at the apex of the latter, where tliey 
reach the fibres of the optie nerve. 

Eacb cornea is a lens with a perfect magnifying 
power, as has been proved by separating the entire 
compoimd eye by maceration, and then drying it, flat- 
tened out by pressure, on a slip of glass. When this 
preparation was placed under the microscope, on any- 
small object, as the points of a forceps, being interposed 
between the mirror and the stage, its image was dis- 
tinctly seen, on a proper adjustment of the focus of the 
microscope, in every one of the lenses whose line of 
axis admitted of it. The focus of each cornea has been 
ascertained by similar experiments to be exactly equal 
to the length of the pyramid behind it, so that the 
image produced by the rays of light proceeding from 
any external object, and refracted by the convex 
cornea, will fall accurately upon the sensitive termina- 
tion of the optic nerve-filament there placed to r 
it. 
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The rays -wliich pass thTough the several pyramids 
are prevented from mingling witli each other by the 
isolating sheath of dark pigment ; and no rays, except 
those which pass along the axis of each pyi'amid, can 
reach tlie optic nerve ; all the rest being absorbed in 
the pigment of the sides. Hence it is evident, that aa 
no two comcEe on the rounded surface of the compound 
eye can have the same axis, no two can transmit a ray 
of Kght from the very same point of any object looked 
at ; while, as each of the composite eyes is immovable, 
except as the whole head moves, the comhined action 
of the whole 24,000 lenses can present to the sensorium 
but the idea of a single, undistorted, unconfiised object, 
probably on somewhat of the same principle by which 
the convergence of the rays of light enteiing our two 
eyes gives us but a single stereoscopic picture. 

The soft blue colour of this Dragon-fly's eyes — as 
also the rich golden reflections seen on the eyes of 
other insects, as the Whameflies, and many other Dvp- 
tera — is not produced by the pigment which I have 
alluded to, but is a prismatic reflection from the cor- 

Toii would suppose that, having 24,000 eyes, the 
Dragon-fly was pretty well furnished with organs of 
vision, and surely would need no more ; but you would 
be mistaken. It has three other eyes of quite another 
character. 

If you look at the commissure or line of junction of 
the two compound eyes on the snmrait of the head, you 
will see, just in front of the point where they sep- 
arate and their front outlines diverge, a minute cres- 
cent-shaped cushion of a pale-gi'een colour, at each 
angle of which is a minute arderma. Close to the base 
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of each antenna there is set in the hlack skin of the 
head tliat divides the green crescent from the com- 
pound cyea, a glohose, polished loiob of crystal-like 
substance, miich like the " bull's-eyes" or hemispheres 
of solid glass that are set in a ship's deck to enlighten 
the side-cabins. On the front side of the crescentie 
cushion there is a third similar glassy sphere, but much 
larger than the two lateral ones. "What are these three 



They are eyts, in no important respect diffeidng 
from the individuals which compose the compound 
masses, except that they are isolated. Tlie shining 
glassy hemisphere is a cornea of hard transparent sub- 
stance, behind which is sitnated a spherical lens, lodged 
in a kind of cup formed by an expansion of the optic 
nerve, and which is surrounded by a coloured pigment- 
layer. 

Ton may study these simple eyes, or st&nim,ata as 
they are called, in many other insects, though they are 
not so univei'sally present as the compound eyes. On 
the forehead of the Honey-bee they arc wcU seen, as 
three black shining globules, placed, as in the Dragon- 
fly, in a triangle. 
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CEABa ANn SHRIMPS. 

It is always interesting to trace the varied forms 
and conditions under which any particular function is 
performed ; and partictdarly to mart, in creatures very 
remote from us in the scale of being, tlie organs devoted 
to the senses which are so requisite to our own comfort. 
We have already seen some of these divereities, in ex- 
amples taken from the classes MoUmoa and Insects / 
and will now examine some more, as they appear in 
the Crustacea. 

If you look at the head of a Crab, a Lobster, or a 
Prawn, you will see that it is furnished with jointed 
antennje, like that of" Insects ; but whereas in insects 
there is never more tlian a single pair, in the creatures 
of which I am speaking there are two pairs. In the 
Prawn yon may suppose, at first sight, that there are 
four pairs ; but that is because the internal antennse 
terminate each in three many-jointed bristles, in struc- 
ture and appearance exactly like the bristles of the 
outer pair, two of the three being nearly as long as the 
outer, while the third is short. In the Lobster, the in- 
ternal are two-bristled, both bristlra rather short, while 
tlie external are very long. In the Flat-crabs each pair 
is simple, the inner minute, the outer long, Li the 
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great Eatable Crab each pair is vei-y small, and they 



Jfow taking tiie laetrnamed auimal ae the repre- 
sentative of his class, let us examine one of his inner 
antenuEB first. It consists of a jointed stem and a 
terminating bristle ; the latter famished with small 
hairs common to the general surface of the body, 
and with long, delicate, membranous filaments {setw), 
often improperly caUed cilia, which are larger, and 
much more delicate in etructm-e than the ordinary 
hairs. 

The basal joint is greatly eiilai'ged : if it be care- 
fully removed from its connexion with the head, and 
broken open, it will be found to enclose in its cavity a 
still smaUer chamber, with calcareous walls of a ranch 
more delicate character that the outer walls. This in- 
ternal shell is considered by Mr. Spence Bate to be a 
cochlea, from its analogy, both in structure and sup- 
posed use, to the organ so named in the internal ear of 
man and other vertebrate animals. It is situated, 
as has been said, in the cavity of the basal joint of 
the internal antenna, and is attached to the interior 
surface of its wall farthest from the median line of 
the Ci-ab. It has a tendency to a spiral form, but 
does not pass beyond the limits of a single convolu- 
tion. 

If this interior cell does indeed represent the cooMea 
<ii more highly-constructed ears, — to which it bears 
some resemblance, both in form and structure,— then it 
seems to identify, beyond dispute, tliese inner or npper 
antennfe as the organs of hearing. 

Now with this conclusion agi'ces well the i 
in which the living animal makes use of the orj 
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question. The Crab always carries tliem erect and 
elevated; and is inceseantly striking the water -witli 
them, 11-1111 a veiy peculiar 
jerliing action, now and then 
vibrating, and, as it has been 
called, " twiddling " them. 
These antennce, therefore, ap- 
pear to be always oa the 
watch: — let the animal be at 
rest, let it be feeding, no mat- e"" •■ ^ r on beuii. 
ter, the superior atennaa ai'e evc) elc^ attd and on con- 
stant guard. 

Tlie lengthened and delicate aet^ with which they 
ai'e famished, are, moreover, peculiarly adapted to re- 
ceive and convey the most minute vibratory sensations 
from the medinm in which they' are suspended; and, 
on tlie whole, it seems to be satisfactorily settled by 
Mr. Spence Bate (to whose excellent memoir* I am in- 
debted for tliese explanatory details) that the inner an- 
tennas are real ears. 

Having thus taken our Crab by the ears, we will 
endeavour next to tweak his nose. But stay, we must 
find it fii-st. "We turn our homy gentleman up, and in 
his flat ancient face we certainly discern little sign of a 
nasal organ. Our friend Mr. Bate must assist us 
again. He will tell us to look at the outer or lower 
antenuEe. "We will look accordingly, magnifier in 
hand, while he makes it clear to us that these are a 
pair of noses. 

Each of these organs is formed of a stem consisting 
in general of five joints, and a filament of many min- 
ute joints. In the Prawn and the Lobster all the five 
* Annals of Nat. Hist, for July, IB5B. 
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joints of tbo stem are distinct; but in tlie Crab the 
wbole are, as it were, soldered togetber into a compact 
mass, with difficnlty distinguishable iuto their constit- 
uent articulations ; while in some species their position 
can be indicated only by the presence of the olfactory 
operculum. 

This important little organ varies in ite construc- 
tion in the different famiHes of GrU'Stacea. In the 
Crab it is a small movable appendage, situated at 
the point of junction between the second and tiiird 
joints ; it is attached to a long calcareous lever-libe 
tendon, at the extreme limit of which is placed a ect 
of muecles, by which it is opened and closed ; to assist 
in which operation, at the angle of the operculum 
most distant from the central line of the animal are 
fixed two small binges. When the operculum is 
raised, the internal surface is found to be perforated 
by a circular opening protected by a tliin mem- 
brane. 

In the Prai\ii, Shrimp, and Lobster, tlierc is no 
operculum, but only the orifice covered by a mem- 
brane, which is placed at the extremity of a small pro- 
tuberance, and it is not capable of being withdra'wn 
into the cavity of the antenna, as in the Crab. 

In tiie latter animal, the little door, when it is 
raised, exposes the orifice in a direction pointing to the 
mouth ; and where there is no door, still the direction 
of the opening is the same, inwards and forwards, an- 
swering to the position of the nostrils in the higher 
animals. In each case it is so situated that it is im- 
possible for any food to be conveyed into the mouth 
without passing under this organ ; and there most con- 
veniently the animal is enabled to judge of the snit- 
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ability of any substance for food, by raising the little 
door, and applying to the matter to be tested the BonBi- 
tive membrane of the internal orifice. 

Thus it is concluded that this lower or outer pair of 
antenuaa are the proper organs of smell, as the upper 
and inner are of hearing.* 

The eyesj thougli constmcted on the same general 
principles as those of Insects, yet present some partic- 
ulars worthy of your notice. In the Crabs and Lob- 
sters they consist of niuiierona facets, behind each of 
■which is a conical or prismatic lens, the roimd extrem- 
ity of which is fitted into a transparent conical pit, 
corresponding to a vitreous body, while the conical ex- 
tremity of these lenses is received into a kind of cup, 
formed by tlie filaments of the optic nerve. Each of 
these filaments, together with its cup, is snn'ounded by 
pigment matter in a sheatli-Hke manner. To see this 
stiTJoture would require anatomical skill ; but you may 
here examine vritli a low power portions of the cor- 
nea, or glassy exterior, of the eye of a Crab and of a 
Lobster, In the fonner, you see that tlie facets 
into which the cornea is divided are hexagonal, lilce 
those of most Insects, but in -the latter they are 
square. 

But Crustacea have a fai- gi'eater faculty of circum- 
spection than insects have ; for besides the extensive 
convexity and numerous facets of their eyes, these or- 
gans are placed at the exti'emity of shelly foot-stalks, 
which are themselves movable on hinges, capable of 
being projected at pleasure, and of being moved in 
different directions, and of being packed snugly away, 
when not in active use, in certain grooves hollowed 
« Op. cit. 
9* 
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out expressly for them in tlie front margin of tlie 
shell. 

If eyer you should chance to meet with the exotic 
Crustacea of the genera CoryccBus and S<i^;phwina, you 
would see a form of eye of a quite remarkahle and 
unique character. It is described by Dana in the fol- 
lowing terms : — 

" A pair of eimple eyes consisting of an internal 
prolate lens, situated at the extremity of a vermiform 
mass of pigment, and of a large, ohlate lena-sbaped 
cornea. The cornea is connected intimately with the 
exterior shell of the front or the under side of the head, 
and the two cornete are like spectacles adapted to the 
near-sighted lenses within ; their size is extraordinary, 
being often one-thii-d of the greatest breadth of the 
body in Cfyi'yccmis. The lena and the cornea are often 
very distant from each other, being separated by a 
long clear space. The external surface of the cornea is 
spherical ; but the inner is conoideo-spherical, or para- 
bolic. Tlie texture is firm, and when dissected it 
breaks or cuts lUie a crystalline lens. The tnie lens is 
always prolate, with a regular contour, excepting be- 
hind, where it is partly penetrated by the pigment. 
The pigment is slender, vermiform, of a deep colour, 
either red or blue, but at its anterior extremity usually 
lighter, and often orange or yellow."* 

"We might find ranch more both instructive and 
amusing in examining microscopically the structure of 
the higher Crustacea ; but we wiU now dismiss them 
in order to discuss some of the lower forms, many of 
which are so minute that their whole bodies may be 
watched with ease performing all the functions of life, 
" Rep. on CcuflU p. 1028, 
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while confined nnder our eye, on tlie stage of the mi- 
croscope. I refer to the tiny active little creatures 
known as 'Water-fleas, which are abundant in both fl-esli 
and salt water. 

In this jar of fresh water which has been standing 
ill the window for weelcs, you may sec among the 
green filaments of Chara many little atoms which 
scuttle hither and thither with a rapid succession of 
short leaps. These belong to the genns Cyclops, and 
are Onistacea, belonging to the order Entomosteaca. 

By the aid of a glass tube which I stop at one end 
with my finger, I will endeavonr to catch one. It is 
no easy matter, as you see, for the instant the end of 
the tube is brought neai' to one, he talies the alarm and 
leaps nimbly away before I can make the water rash 
in by withdrawing my finger from the other end. But 
I have one at length. 

Here it is : — a minim of life not more than a six- 
teenth of an inch in length, looking something like 
a pellucid egg, furnished with long antennae, with five 
pairs of branching feet, and a long tail terminating in 
bristles. But its parts and organs must not be dis- 
missed in this summary way ; we must look at them 
in detail. 

And fli'st of all, in the vciy midst of his foreliead, 
like that obscene giant* after whom our tiny atom is 
named— he bears a single eye that glares like a ruby. 
It would need no vast beam of olive-wood sharpened 
and heated in the fire, and " twirled about" by the 
united strength of five heroes, to " grind the pupil 
out ; " for though brilliant and mobile, it is far too mi- 
nute to be touched by the tip of the finest needle. Tet 
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it is elaborately constructed ; for it consists of a rnrai- 
ber (not very large) of simple eyes placed beneath a 
common glassy cornea. Several mnsele-bands are at- 
tached to this compound organ of vision, and are ar- 
ranged BO as to form a cone, of which the eye is the 
base ; these give the eye a movement of rotation upon 
its centre, which may be distinctly seen. 

All the limbs, including both pairs of antennte, two 
pairs of foot-jaws, five pairs of feet, and a pair of tail- 
lobes, are furnished at each of their many joints with 
tufts of long hairs ; these appear to act the part of 
paddles, as the active little animal strikes the water 
vigorously with all its limbs, for the piu-pose of pro- 
gression, and also for the creation of currents in the 
fluid, which currents subserve a double object, — the 
bringing constant supplies of water to be respu-ed, and 
floating atoms of food to be devoured. 

In this individual, which is a female, the antennsB 
ai"e nearly equal in size throughout their length ; but 
in the male, the middle joints of the upper pair are re- 
markably enlarged, forming a large swelling, followed 
by a sudden contraction, tlie first part of which is hinged. 
All of tlie ti'ae feet, and the second pair of foot-jaws, are 
divided to the base into two equal branches, so that the 
animal seems to possess no fewer than twenty-six limbs : 
each of which being many-jointed, and each joint, as I 
have observed, being set with delicately plumose hairs, 
the whole effect is most elegantly light and featheiy. 

On each side of the slender tail (more correctly, the 
abdomen) yon see an oval bag connected with tlie body 
by an excessively slender thread of communication, and 
iiiled tensely witlu pellucid globose bodies, like John 
Gilpin, of equestrian fame, when 
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" He hung a bottle on each side 
To keep his balance true," 

our little natatoiy harlequin " carries ■weight." Eut 
these bags are filled ■with eggs, a temporary provision 
for their dne and proper exposure to the water, while 
yet they are protected from enemies. Tliey are devel- 
oped only at certain seasons, wlien the eggs liaving at- 
tained a given amount of matnrity in the ovary, are 
transferred through the exceedingly elender tnbe into 
these sacs, and are there carried about by the mother 
until the young are hatched, ■when the curious recep- 
tacles, being no longer needed, are tJirown off, and 
speedily decay. 

Hero is a second foi"m. It is named I/yne&us, and 
is nearly as common as tlie Cyclops in our stagnant 
pools. Essentially its structure is the same, but it has 
this peciiliarity, that its body is enclosed within a trans- 
parent shell, which is thin and flattened sidewise, and 
through ivhoso walls all the movements and functions 
of its parts are distinctly visible. The shell is broadly 
ovate in outline, comes to a sharp edge above, but is 
open ail along the lower half of its circumference — as 
if two watch-glasses had been soldered together, edge 
to edge, and then a portion of the ee mi circumference 
had been ground away, so as to leave a tliin but long 
entrance. Through this narrow orifice the limbs are 
protruded for locomotion, and through it the surrounding 
water finds its ■way in currents, bringing oxygen to be 
respired and food to bo devoured. 

The translucent shell descends in front into a shai'p 
long beak, below ■which are seen the organs of tlie 
mouth, two pairs of foot-ja'ws, beset with fine bristles. 
At the origin of the beak is the eye, consisting, as we 
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saw in the Cyclops, of several lenses, enveloped in a 
common cornea, tlie whole forming a movalilo organ 
of a blue-black hue, Jnst behind tliia, at the very- 
highest part of the shell, is a little colourless bladder- 
like vesicle, which constantly maintains a rapidly alter- 
nate contraction and dilatation. This is the heart, and 
this motion circulates the blood. 

Below tliie, there is ecen a great translucent irregu- 
lar mass of iiesli, evidently comprising many viscera, 
which mnds along from one end of the shell to the 
other, nearly occupying its entire area, but not in con- 
nexion with it at the hinder part, as wo see by its free 
movements there, where it curves round, and bending 
beneath terminates in a blunt tail, armed with two 
strong hooks, which can at picture be thrust down 
through the narrow orifice of the shell, and become par- 
tially straightened by being forcibly tlirown backward. 
This great central mass is mainly occupied by (he ali- 
mentary canal, in which food in various stages of assim- 
ilation may at all times be seen, and in which the 
interesting function of digestion can be witnessed 
throughout, from the iii-st seizure of the atom and its 
mastication by the jaws, to the discharge of the eiTete 
remains. 

The individual before us does not carry at this time 
eggs in the process of development ; but the deficiency 
is supplied by nJ)aphma which is playing about in tlie 
same drop of water. Here you perceive, between the 
ai'ched outline of the shell and tlie sinuous outline of the 
free soft body, an open space of some size, which con- 
stitutes a receptacle, in which the eggs are deposited as 
they are laid, and in which they remain not only until 
the little animals are hatched, but until they have ac- 
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quired a sufficient maturity to swim about and get theii- 
independent living. 

This receptacle— in which you may see five oi- six 
eggs — is tVeeiy open to the enrrounding water, which 
enters the elit edge of the shell, hehind the tail. Per- 
haps you -wonder why the eggs are not washed out by 
the respiratory cun-ents ; they are in fact maintained in 




their position only by a slender tongue-like projection 
from tbe back of the parent, which appears to have tliat 
special object. When, however, tlie young ai'e ready 
for freedom, the mother has bnt to depress her body a 
little more than ordinary, when tlie door is opened, and 
the young easily slip from the receptacle into the open 
water. 

Tliese tiny odd-looking sprawling things that yon 
see moving about by quick jej'ks in the same drop of 
water, are the young recently hatched. Tiiey are quite 
unlike their pai'ent, liaving as yet no bivalve shell, no 
abdomen, and only three pairs of limbs. The body is a 
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transparent plate, resembling the bowl of a epoon in 
form, but ending in two points which carry pencils of 
bristles. The large dark eye is conspicuous in front, 
and the six jointed and bristled limbs radiate from the 
centre, projecting stiffly on all sides. The second and 
tbird pair are seen to be double, each gir ingoif a branch, 
which is pencilled with bristles like the principal stem. 

We have not yet done witli tliese tiny Water-fleas. 
Tlie sediment at the bottom of this jar of water is quite 
alive with a host of nimble atoms, some of which yon 
may see crawling np the sides of the glass. They are 
quite distinct from either of the kinds we have been 
examining, not only in details of structure, which is 
more identical indeed than it seems at flret sight, but in 
habit; for whereas they shoot to and fro tlu-ough the 
water with great force and rapidity, tliese can scarcely 
swim at all ; or, if they do, it is with comparative slow- 
ness and much apparent eiFort ; though over the smooth 
side of their glass dwelling, or upon the stems of water- 
plants, tliey ghde along with much ease and elegance, 
by the quick vibrations of Iheir pencilled feet. 

The form we are now contemplating is distinguished 
by tlie name of Cypris, a genus which contains a good 
many British species. It is more completely inclosed 
in a shell than even tlie Lynceue, and its envelope more 
truly resembles tlio shell of a bivalve Mollusk, for the 
valves are open for more than three-fourths of their cir- 
cumference ; while the portion of the back that is united 
is sufficiently elastic to allow of some degree of expan- 
sion, thus answering the purpose of a liinge. 

Ifow look at the elegant little creature. Its most 
prominent feature is its two pairs of antennie, one pro- 
jecting forwards and curved upwards, the other down- 
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wards. 15ot]i consist of several transparent joints, and 
are tipped with long clear bristles; but the pencils 
which tip the upper pair are specially graceful, being 
as long as tiie whole shell, exceedingly slender, beauti- 
fully cnryed, and bo transparent that they ecem formed 
of spun glass. 

Another peculiarity ia that there seems to be but 
one pair of legs, which terminate each in a hooked 
spine. Yon now and then see these awkwai-dly thrust 
out from beneath the hinder part of the shell, but loco- 
motion is principally effected by the pencilled antennre. 




There is, Jiowever, a second pair of legs, bat these do 
not usually make their appearance outside tlie shell, 
being curved backwards to sustain the ovaries. 

About thirty years ago an Irish natni-alist, Dr. J". 
Taughan Thompson, announced a discovery, whicli, 
oversetting conclusions previously received by all, 
caused no little dissent and opposition, and gave rise to 
a lengthened and wide spread controvei'sy, A very 
minute crustaceous animal was known, as inhabiting 
the open sea, to which the uamo of Zoea had been given. 
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It had sessile eyes, and -was remarltaljle for liaving a 
long spine projecting from the face, and a eimilai- one 
standing up from the centre of the hack. Anotlicr form 
was known, which constitnted the genus Meffalopa : in 
which the hody was broad, the eyes stalked, and the 
ahdomen projecting behind. This was also small, but 
somewhat larger than the preceding. 

Nobody suspected that these were other than inde- 
pendent forms of animal life, distinct from each other, 
and equally distinct from every known genus of Crus- 
tacea besides. It was supposed that no animal of this 
class underwent metamorphosis, — or that change of form 
in different penods of life which distinguishes Insects ; 
but tliat these creatures retained through life the general 
shape, slightly modified by development of pai'ts and 
organs, which they each displayed when hatched from 
the egg. 

Bnt these conclusions were quite set aside by the 
brilliant discovery of Thompson, that Zoea and Megor 
lopa were the same animal in different stages of exist- 
ence ; and that, moreover, both were but the eai-ly states 
of well-known and familiar forms of larger Crustacea, 
which therefore undergo a metamorphosis as complete 
as tliat by which tlie catei-pillar changes to a chrysalis, 
and the chrysalis to a butterfly, and in every essential 
point parallel to it. 

In the Cove of Cork this naturalist met with a con- 
siderable number of Zoeas, which he kept in captivity. 
Some of these passed into the Megaliypa form, which in 
turn changed to the most abundant of our larger Ci-us- 
liaceff, the common Shore-crab (CVant^smoentis). "Thus, 
in its progress from the egg to its final development, the 
Crab was proved to pass through two temporaiy condi- 
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tioiis, which had previously been regarded as types, not 
of genera only, but of different faniiliea ; and both strik- 
ingly dissimilar from the group to which, in its perfect 
state, it belongs." 

I have not myself examined the transformations of 
this species ; but, as they have been well iivorked out, 
and as the animal is so abundant everywhere on the 
coast that you may easily verify what h^ been ob- 
served, I will cite you the elaborate account of Mr. E- 
Q. Couch of I'enzance, who has investigated the subject 
with great skill, zeal, and suecees. 

Having procured some specimens of the Shore-crab 
laden with eggs, just ready for shedding, he goes on to 
say,— "these were transferred to captivity, placed in 
separate basins, and supplied with sea-water ; and in 
about sixteen boui-s I had the gi-atification of finding 
lai'ge numbers of the creatures alluded to above swim- 
ming about with all the activity of young life. There 
could be but little doubt that these creatnres were the 
young of the captive Crabs. In order, however, to se- 
cure acciu-acy of result, one of the Crabs was removed 
to another vessel, and supplied witb filtered water, that 
all insects might be removed ; but in about an hour the 
same creatures were observed swimming about as be- 
fore. To render the matter, if possible, still more cer^ 
tain, some of the ova were opened, and the embryos ex- 
ti-acted ; but shortly afterwards I had tlie pleasure of 
witnessing, beneath tbe microscope, the natural burst- 
ing and escape of one precisely similar in form to those 
found BO abundantly in the water. Thus, then, there is 
no doubt that these grotesque-looking creatures are the 
young of the Oarcmus mmnas ; but how different they 
are from the adult need hardly be pointed out any fur- 
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ther than by referring to the figure. When they first 
escape they rarely exceed lialt' a line in length. The 
body is ovoid, the dorsal shield large and inflated ; on 
its upper edge and about the middle is a long spine, 
cm"ved posteriorly, and rather longer than tlie diameter 
of the body, though it varies in length in different spe- 
cimens ; it is hollow, and the hlood may tie seen circu- 
lating tlirougli it, Tlio upper portion of the body is 




sap-green, and the lower semi-transparent. The eyes 
are large, sessile, and situated in front, and the circnm- 
ference of the pnpil is marked with radiating lines. The 
lower margin of the shield is waved, and at its posterior 
and lateral margin is a pair of natatoiy feet. The tail 
is extended, longer than tlie diameter of the shield ; and 
is composed of fiye ec[ual annulations, besides the ter- 
minal one ; its extremity is forked, and the external 
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angles are long, slender, pointed, and attached to t!ie 
last annulation by jpinta. Between the external angles, 
and on each side of the median line, are three lesser 
spines, also attached to the last niig bj joints. Between 
the eyes, and from near the edge of the shield, hangs a 
long, Btout, and somewhat compressed appendage, 
which, as the animal moves, is leflexed posteriorly be- 
tween the claws. Under each eye is another append- 
age, shorter, and slightly more compressed. The claws 
are in three pairs ; each is composed of three joints, and 
terminates in fonr long, slender, hair-lihe appendages. 
These claws are generally bent on the body, but stand 
in relief from it. If the animal be viewed in front, the 
lower margin of the dorsal shield will be found to be 
waved into three semicircular festoons, the two external 
of which are occupied by tlie eyes, and between which 
tlie middle one intervenes ; the general direction of the 
claws will bo seen to be at right angles to the body. As 
the young hes inclosed within the membranes of the 
egg, the claws arc folded on each other, and the tail is 
flexed on them so far as the margin of the shield, and, 
if long enough, is reflected over the front of the shield 
between the eyes. The dorsal spine is bent backwards, 
and lies in contact with the dorsal shield ; for the young, 
when it escapes from the egg, is q^uite soft, but it rapidly 
hardens and solidifies by the deposition of calcareous 
matter in what may be called its skin. The progress of 
this solidification may be very beautifully observed by 
watching the circulation in the doral spine. When the 
creature lias just effected its liberation from the egg, 
the blood- globules may be seen ascending to tho apex ; 
but as tho consolidation advances, the circulation be- 
comes more and more limited in its extent, and is finally 
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confined to the base. These minute creatufes, in tha 
early state of their existence, are natatory and wonder- 
fully active. Tliey are continually swimming from one 
part of the vessel to the other, and when observed free 
in their native pools, are, if possible, even more active 




than %vhen in confinement. Their swimming is pro- 
duced by continued flexions and extensions of the tail, 
and by repeated beating motions of their claws ; this, 
togetiicr with their groteac[ue-loolving forms, gives them 
a most extraordinary appearance when under examina- 
tion. As the shell becomes more solid they get less ac- 
tive, and retire to the sand at the bottom of the vessel, 
to cast their shells, and acquire a new form. They are 
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exceedingly delicate, and require gi-eat care and atten- 
tion to convey tiiem through the first stage ; for unless 
the water be supplied very frequently and in great 
abundance, they soon die. 

" The second form of transmutation is equally as re- 
markable as the first, and quite as distinct from tlie 
adult animal. In the species now under consideration 
this second transformation is marked by the disappear- 
ance of the dorsal spine ; the shield becomes flatter and 
more depressed, tlie anterior portion more horizontal 
and pointed, the three festoons having disappeared. 
The eyes, from being sessile, are now elevated on foot- 
stalks, the infra- orbital appendages become apparently 
converted into antennae. The claws undergo an entire 
revohition ; the fli'St pair heeomo stouter than the othere, 
and are armed with a pair of nippere," the others being 
simple ; " but the posteiior pair are branched near the 
base, and one of tlie branches ends in a bushy tuft. l"he 
tail is greatly diminished in its relative size and propor- 
tions, and J8 sometimes partially bent under the body, 
but is more commonly extended. Thisfonn is as nata- 
tory ae the first. They are frequently found congregat- 
ing aroand floating sea-weed, the buoye and strings of 
the crab-pot marks, and other floating substances, both 
near the shore and in deep water. Their general form 
somewhat resembles a Galaih^aP * 

Thus Tindei" Mr. Couch's eye the Zoea had changed 
to a Megai-crpa y and this latter became after a short 
time a Crab, in which were all the characters that be- 
long to the order to wMch the parent belongs ; but 
not those of the geims, nor even of tlie family. Its 
form bore a close resemblance to that of the Sargasso 
»> Rep. Coi'DW. Polyt. Soc. 1843. 
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Crabs {Grapsidoi) ; for the sliield, instead of being 
large and arched in front, and narrowed behind, was 
nearly square, while the front was (taking in the eyes) 
almost straight, the lateral angles mueli advanced. 

This Crab, however, was still very minnte ; and 
many sloughings were before it. In the coarse of these 
it was destined gradually to attain not only the dimen- 
sions of its parents, bnt also their form. This, how- 
ever, would be matter of development, rather than 




metamorphosis : the lateral outlines of the shield would 
more and more approach each otlier behind, while the 
series of points that now belonged to these lateral out- 
lines would become thrown into the front margin, 
which would by degrees assume an arched form, as 
you may see in this figure of the adult Crab. 

Though I cannot at this moment show yon speci- 
mens of the Carciwus in its earlier stages, yet I have 
here a good number of the Zoeas of one of those inter- 
mediate forms which ai^e the connecting linl« between 
the Crabs and Lobsters : — ^I mean GalatTiea. The 
adult animal is of a broad sqnat form, something like 
what you might suppose a Lobster to be, if it had been 
flattened between two stones, without being actually 
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destroyed. We have two or three species, one of wliicli 
is adorned witti brilliant scarlet and azure paintings ; 
but I cannot tell to which of them all this infant foi'm 



Yon perceive that tliere is a general similarity be- 
tween these transparent little creatures, and the Zoea 
described by Mr. Couch ; but there are great differ- 
ences in detail. Tlie glassy shield or carapace shoots 
out in front in a stiff, inflexible, very fragile spine. 




This is perfectly etraiglit, and nearly tlu-ice the length 
of the whole shield. It is beset, on various lines on its 
sxirface, with short slender spinules jointed to shoulder- 
like angles, and not serraturea. Its interior is perfo- 
rated by a canal, which dilates and narrows irregularly. 
Tlie carapace posteriorly is semi-oval, projecting a trans- 
parent convex vaiilt far over the pa.rt where the ab- 
10 
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domcn is attached to it, as is seen when tlie latter bends 
down. Its extremity gradually tapers into two straight, 
sub-parallel, stiff spines, about as long as tlie carapace 
itself, each teiTninating in a hooked point. 

The abdomen ends in a spinous plate, which is very 
elegantly lozenge-sbaped, and beset with spines. Each 
of the two latero-postorior edges of tlie lozenge is cut 
into six rectangulai- teeth, and each tooth bears on its 
hinder face a long spine articulated to it, and most del- 
icately plumose all along its sides. The hindermost 
pair of spines are short, and are set close together, side 
by side. Besides these jointed spines, each lateral 
angle of the caudal lozenge-shaped tail-plate projects 
into a spine-like tooth. 

Though the individuals before us are all in the same 
state as to the stage of tlieir development, tliere is 
some difference in size, indicating, doubtless, a corre- 
sponding diversity in age. "We will isolate a few of the 
lai'gest, and put them into a glass trough for miero- 
Bcopical examination. 

The largest, during the few minutes which I have 
occupied in the process of dipping them out, has under- 
gone a metamorphosis. You observed that, after skip- 
ping about the trough for a few moments, it sank q^uietly 
to the bottom, where it lay on its back ; the next thing 
that you see is a much more crab-like animal, more 
opaque, redder, much larger, but lying on its back in 
the very spot where a moment before you had seen a 
Zoea; while close by it lies the transparent iilmy skin 
which has been cast off. 

The new animal is evidently now in its final state, 
needing only development of its parts, which it would 
obtain, if in freedom, by successive moults, to acquire 
the adult form.' 
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If we now submit the exuviEo in detail to a power 
of 220 diameters, "we shall obtain some interesting 
views of the Btnieture. The slough of the eyes in par- 
tieulai- presents ono of the most exquisite objects tliat 
yon can behold. They are somewhat pear-shaped, 
with the facetted portion well defined. It is the ap- 
pearance of these facets, vaiying according as the per- 
fectly hexagonal outline of each or the smooth and 
glossy convexity comes into focus, that is so peculiarly 
channing. 

Eeturnhig now to the examination of one of the liv- 
ing Zoeas, you perceive that the three pail's of pencilled 
limbs do not represent any of the tiiie legs ; for the 
transparency of the integuments allowing the interior 
to be clearly seen, and the organs of the imago being 
matured and just ready for sloughing, you discern, with 
the most beautiful distinctness, the iingered claws 
(short and stumpy, it is true, as compared with their 
perfect form in the newly freed imago) folded down 
upon the breast within the skin, the second pair as 
large as these, and ti-aces of others beneath them,— all 
these forming two great projecting lobes. Slightly 
movable, beneath the tliorax of the Zoea^ and oc- 
cupying a bulk nearly equal to that of the whole 
shield. 

The circulation of the blood is beautifully clear. 
The pellucid colourless globule chase each other by 
starts to and fro, as the eye rests on the outgoing or 
returning current. It is distinct in some pai'ts where 
you would scarcely have looked for it ; as all over the 
lozenge plate of the tail, in the interior of the eyes, 
throughout the posterior spin^ of the shield, and the 
frontal spine. But besides, and apparently indepen- 
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dent of the circulation, there is a singular fusiform 
vessel in the latter segments of the abdomen penetrat- 
ing the tail-plate, on the ventral side. This vessel, now 
and then, at irregular intervals, dilates cLuickly and 
closes ; tlie wave proceeding upward toward the head, 
but only for a short distance, and unattended with any 
impulse to the blood-globules. The nature of this 
vessel, and its use in the economy of the infant Crab, 1 
can in no wise explain. 
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BAKNA.CLES. 



You caimot have wandered among the rocks on onr 
Bonthern or western coasts, when the tide is out, with- 
out having otaei-ved that their whole siirface, up to 
a certain level (often very precisely defined), is rough- 
ened with an innairaerable multitude of little brownish 
cones. If you have ever thought it worth while to 
examine them with more care, you have seen that, 
crowded as they are, so thickly that frequently they 
erusli each other out of their proper foim and pro- 
portions, they are all constnicted on the same model. 
Each cone is seen to he a little castle, built itp of stony 
plates that lean towards each other, hut which leave 
an orifice at the top. Within this opening, provided 
the castle he tenuatcd by a living inhabitant, you see 
two or three other pieces joined together in a pecu- 
liar manner, which are capable of separating, but 
which, when brought together, effectually close up all 



Perhaps you have never pushed your investigations 
farther than this, having a courteous respect for the 
feelings of the inmate, which has prevented your in- 
truding on a privacy so recluse. But I have been less 
considerate ; many a time have I applied the steel 
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chisel and hammer to the solid rock, and having cut 
off some projecting piece or angle, have transferi'ed it, 
all covered with, its stony cones, to the interior of a 
glass tank of sea-water, for more intimate acquaintance 
with the Httle builders at leisure. 

These are Barnacles (BdlanidcB). Snch a colony 
I have now in my po^ession, which I will submit to 
you, for they present a beautiful and highly interest- 
ing spectacle, when engaged in their ordinary employ- 
ment of fishing for a subsistence. And not only so, 
but I have living specimens of a much larger and finer 
species than the common one,— the Balmius porecttus, 
whose castle stands an inch or more in height. The 
stracture, however, and habits are pretty much the 
same in both. 

"Without disturbing the busy fishers, then, just take 
youi' seat in front of this tank, and with a lens before 
yom- eye, watch tlie colony which is seated on that 
piece of stone, close to the glass side. From one and 
another, every instant, a delicate hand is thrust forth, 
and presently withdrawn. Fix your attention on some 
one conveniently placed for observation. It is now 
closed ; but in a moment, a slit opens in the valves 
within the general orifice, displaying a black lining 
with pale blue edges ; it widens to an oval ; the pointed 
valves ai-e projected, and an apparatus of delicate 
curled filaments is thrust q^uickly out, expanding and 
uncnrhng as it comes, to the form of a fan ; then in an 
instant more the tips of all the threads again curl up, 
the threads collapse, and the whole apparatus is quickly 
withdrawn, and disappears beneath the closing valves. 
The next moment, however, they re-open, and the 
little hand of delicate fingers makes another grasp, and 
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SO the process is continually i-epeated while tliis season 
of activity endures. 

Now, by putting this specimen into a glass trough, 
and placing it under a low power of the microscope, 
we shall eee what an excLuisite piece of mechanism it 
is. The little hand consists of twenty-foui' long fingers, 
of the moat delicate tenuity, each composed of a great 
number of joints, and much resembling in this respect 
the antennse of a Beetle. These fingers surround the 
mouth, which is placed at the bottom of the sort of im- 
perfect funnel formed by their divergence. They re- 
solve themselves into six pairs of arms, for each one is 
branched from the basal joint, dividing into two equal 
and similar portions. Those nearest the mouth are the 
shortest, and each pair increases regularly in length to 
the most distant, which are the central pair when the 
hand is extended. Each division of each of this longest 
and most extensile pair comprises, in the specimen be- 
fore us, thirty-two joints, while the shortest consists of 
about ten, the intermediate ones being in proportion ; so 
tliat the whole apparatus includes nearly iive himdred 
distinct articulations, a wonderful provision for flexi- 
bility, seeing that eveiy joint is worked by its own 
proper system of mnscles. 

Moreover, every separate joint is furnished with its 
own system of spinous hairs, which are doubtless deli- 
cate organs of touch, since it has been established that 
the hairs with which the shelly coats of Crustacea are 
studded, pass through the substance of the latter, and 
communicate with a pulpy mass, richly supplied with 
nerves, which lines Uie shell.* These hairs pi'ojecfc at 
a more or less wide angle from the axis of the fliigcr- 
* Froc. Royal Society, ix, 215. 
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lito filament, and uro graduated in length ; and what 
is very striking, as illustrating tlie exquisite workman- 
ship of the Divino hand, tlie 
hairs tliemselvee are compound 
stnictiires; for under a high 
power they seem to be composed 
of numerous joints — an illusory 
appearance probably, what look 
like joints being ratiier succes- 
sive shoulders, orprojectione and 
constrictions of tlie outline — 
while each ehouldor carries a 
whorl of finer spines, lying near- 
, ly close to the main hair, and 
scarcely deviating from its gen- 
eral direction. This barbed 
structure of tlie haii-s is chiefly 
seen towards their attenuated 
extremities. 
ik — What is the object of this 
elaborate contrivance, or rather series of contrivances ? 
I answer-— It is the net with which the fisher takes his 
food — it is his means of living. Tou have seen that 
the animal has no power of pursuing prey : lie is im- 
movably fixed to the walls of his castle which is im- 
movably fixed to the solid rock. He is compelled 
therefore to subsist on what passes his castle, and on 
what he can catch as he sits in his doorway and casts 
his net at random. 

You saw, also, with what a regular perseverance 
the casts were niade ; and now that you have examined 
in detail the construction of the net, you are prepared 
to appreciate its fitness for the work assigned to it. 




And now do you ! 
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Its extreme flexibility, produced by the number of its 
joints, enables the fingers of tlie hand, or the threads 
of the net (which yon will) to Bti-etch out or to curl up 
alternately, while the number of the divergent fingers 
enables the animal to grasp a compai'atively large hulk 
of water in those curling organs. These, then, foi-m a 
sieve ; the water passes through the interstices of the 
fingers, while the tiny atoms of solid mattei", or the 
equally minute animalcules that constitute the food of 
the Barnacle, ai-e sifted out, and detamed by the fingers, 
which curling inward carry whatever is captured to 
the mouth. 

But see how gi-eatly the perfection of the instru- 
ment is enhanced by the projecting hairs with which 
eveiy one of the numerous joints is beset. These, 
standing out at right angles (or nearly so) to the direc- 
tion of the finger, meet their fellows from the joints of 
the next finger, and crossing their points, fill the inter- 
stices with an inimmerable series of finer meshes, — ■ 
meshes of such delicacy that it is next to impossible that 
any organized body inclosed in the given area should 
escape. 

But there ie more in them than merely this minute 
and wide-Bpread ramification. They are, as we have 
seen, organs of touch ; so that the net has not only the 
mechanical power of capture, common to an inanimate 
cast-net which a human fisher uses, but is endowed 
with the most exquisite sensibility in eveiy pai't. The 
slightest contact of an animalcule in the inclosed water 
with one of those thousands of sensitive hairs, com- 
municates instantly an impression to the sensorium, 
and a consciousness of the fact to the Barnacle ; who 
is thus, without doubt, able "^rith the quichnese of 
10* 
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tbouglit to close the fingers together at that paii, and 
thus seciire the victnn. 

To make use of the prey thus secured, the Barnacle 
is furnished with a mouth, which can be protruded 
into a sort of wart, and is provided with a distinct lip 
bearing minute palpi, and three pairs of jaws, of which 
the two outer are horny and toothed, while the innei"- 
most is soft and fleshy. 

Pixed and immoveable aa the Eaiiiacles are in their 
adult and final stage, they have passed by metamor- 
phosis through conditions of life in which they were 
active roving little creatures, endowed with the power 
of swimming freely in the wide eea. In this conditiou 
they present the eloseet resemblance to familiar forms 
of Crustacea, as you will perceive when you examine 
some specimens of the larvse that I am able to show 
you. 

I have in one of my tanks an individual of the fine 
and large Barnacle, Balaims porcatus, which for sev- 
eral days past, has teen at intervals throwing out from 
the orifice of its shell dense clouds of atoms, which 
form compact columns reaching from the animal to the 
surface of the water. One of these cloudy columns, 
when examined with a lens, is seen to be composed 
of thousands of dancing creatures resembling the 
"Water-fieas that we lately examined. They main- 
tain a vivacious motion, and yet at the same time 
keep their association and the general form of the 
column. 

Taking out a few of the dancing atoms, and isolat- 
ing them in this glass stage-cell, wc see that they have 
exactly the figure, appearance, and character of the 
young of the common Oydops, so that you woiild, 
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without hesitation, if you knew nothing of their pa- 
rentage, assign them to that well-known genua. Their 
movements are almost incessant, a series of jerking 
progressions perfonned hy quick but apparently labo- 
rious flappings of the limbs, right and left together. 
They occasionally rest from their exertions for a few 
moments, but seem to have no power of alighting on 
any object. 

But in order to obtain a more precise idea of the 
structure of this tiny creature, we must manage to 
restrain its liberty a little, by applying gentle pressure 
mth the compressorium, jnst sufficient to confine it 
without hurting it. The body is inclosed in a broad 
carapace, shaped much like a heraldic shield, hut very 
convex on the back, and teiininating behind in a slen- 
der point or spine, which is cut into minute teeth along 
the edges. Below this shield is seen the body, with 
three pairs of legs, a great proboscis in the middle 
pointing downwards and backwards, and the anal fork, 
which consists of a bulbous base and two diverging 
points, which project behind under the spine of the 
diield. 

The legs ai'o exclusively swimming organs ; they 
have no provision for grasping, no claws or hooks, nor 
do they appear to be capable of being used for crawl- 
ing on the ground or for climbing among the eea-weeds. 
They are fringed along one edge with long and stout, 
but somewhat flexible spines, of which those that are 
neai'eat the trunk seem more rigid, and are directed 
more at right angles to the limb than the rest. The 
legs are formed of many imperfect joints, and the 
second and third paira are double from the basal joint 
outwards, while the first pair are simple. In the fore 
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part of the body a largo eye ia placed, deep-seated, 
which is of a roundish form, and is intensely blacli, 
both by reflected and transmitted light. On the sam- 
mit of the forehead are placed a pair of thick flexible 
horn-like organs, which are abruptly bent in the mid- 
dle, and which I believe represent the first pair of 
antennas. This then is the first stage of the Barnacle, 
— the form under which it appears when it ia hatched 
from the egg. 

Among the multitudes which have been evolved 
during these last few days, and which are now swim- 




ming at large in tlie tank, we may be able to detect 
some that have passed through their flrst stage, and 
having moulted their skin have attained a more ad- 
vanced form. Here is one, which by its superior size 
seems to have made some progress towards maturity. 
YeS; here are more. These ai-e evidently in their 
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second stage. Tlierc ia an iuereaso in length ; for 
whereas the fonner was only T^-gih of an inch in length, 
these have attained to a length of -jV*^ of an inch. 
Yet this increase is ohservable in no other dimension 
than that of total length, and this is due to the devel- 
opment of the terminal spine of the shield, which is 
now much produced, and cut into minute teeth. The 
anal fork is also attenuated, lengthened, and bent 
abruptly downward at the base, where it is very mo- 
bile ; another bend in the middle throwing the extrem- 
ity into the horizontal again. The delicately mem- 
branous poiieh-lite proboscis is more -clearly seen be- 
neath the breast, the extremity of which is directed 
backwards. In front of this organ there are two de- 
cuiTed very mobile bristles, set on pedicles, the whole 
closely resembling the internal antennee in the higher 
Crustacea. The lateral horns or exteraal antennifi 
appear to terminate in a very delicate brush of hairs, 
which does not seem to be protrusile. 

The little animals in thk state swim, generally, 
back downward ; though they freq^uently assume a 
.perpendicular position, both direct and reversed. I see 
them now occasionally rating on sea-weeds and Diato- 
maoew, though tlie limbs seem even woi-se fitted than 
before for crawling, einoe the spines or bristles with 
which they are fringed are much increased in length, 
especially on the third pair. 

A specimen nearly twice as large as this last affords 
us an opportunity of tracing the Barnacle to another 
point of its transformations. The modifications are 
chiefiy in the proboscis and the anal fork. The foi-mer 
now points directly downwards, is famished with a 
pair of minute spines on its anterior side, and with a 



I ..Google 



230 EVENINGS AT THE MICBOBCOPE. 

terminal hook ; wliile its posterior side is set ■with 
strong vibrating eilia. The anal fork is greatly in- 
creased in dimensions, has its edges armed with spines 
articulated to its euiface, and is marked with longi- 
tudinal lines which resemble comigations. The under- 
surface of the body ia also ranch corrugated trans- 
versely. 

In the first moult the spine of the shield was gi-eatly 
increased, the size of the body itself remaining station- 
ary ; in the seond moult the ratio is reversed, the body 
has largely increased, but the spine is nearly in staM 
quo. 

"We cannot follow the metamorphoeis any farther 
by personal observation, but from the reseai'ches of 
others, and especially of Mr. Darwin, we know that 
other stages have to be passed before the final fixed 
condition is attained. As yet no appreciable advance 
has been made, by either of the two moultings which 
we have ti-aced, from the free, jerking, dancing Water- 
fiea that was fii^t hatched, towards the sessile Eai-- 
nacle inclosed in its shelly cone of several valves, 
and firmly fixed to the solid rock ; and we are yet 
at a loss to imagine how such a change can be ef- 
fected. 

Kor ie the matter apparently helped "h^ tlie nest 
moult ; for though there now ensues a great change of 
form, it do^ not seem to resemble the adult Barnacle 
much (if at all) more than before. If described with- 
out reference to its parentage, it would still be con- 
sidei'ed an Entomostracous Crustacean, or Water-flea, 
but removed to another Tribe. It represents, in fact, a 
Cypris ; * the body with its fringed limbs being now 
* See figure du, page 209. 



jiGoogle 



231 

included within two convex valves, like those of a 
muBsel or other hiyalve shell, either united by a hinge 
along the bach, or rather soldered together there, so as 
only to allow a shght opening and closing by the elas- 
ticity of their enhstance. The fore part of the head ia 
now greatly enlarged, as are also the aiitenii^e, which 
project from the shell. The single eye is separated into 
two, which are large and attached to the outer arms of 
two bent precedes which are placed within the body, 
in the form of the letters U U ■ The legs are increased 
by the addition of two pairs, and these are doubly 
bent in a zig-zag foi-m, and can be protruded from be- 
tween the valves. 

It is a highly cnrious fact that the infant Baniacle 
has thus passed through two distinct types of animal 
life, the Cyclops and the Gypris. Thes© are not one 
type in different stages, as might be reasonably pre- 
sumed. The young of DwpJmia and of Cyclops are so 
much alike, that it would be natui'al to presume the 
young of Oypris to he of the same foi-m ; in which 
case, we should have in the young Barnacle merely the 
fu'st and second stages of Cypris. But it is not so. 
Oypris does not pass thi'ough the Cyclops form at all ; 
for, according to Jurine, the young when hatched have 
the appeai'ance of the perfect animal, though varying 
a little in the shape of their shells. 

It is in this second form, which may be considei'ed 
the pupa of the Barnacle, that the animal c[uits its free 
roving life, and becomes a iixture for the remainder of 
its days. And this is a most wonderful process ; so 
wonderful, that it would be utterly incredible, but tliat 
the researches of Mr. Darwin have proved it incontest- 
ahly to be the means by wliich the wisdom of God has 
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ordained that the little Water-flea should he ti'ans- 
forined into a stony Acorn Bai'EMle. 

Having selected a suitahle place for fixing ita resi- 
dence — such as those, massive rocks wliich sustain the 
impetvions billows on our sea-worn coasts — the great 
projecting antennse manifest a new and unprecedented 
function. Glands situated at their base secrete a tena- 
cious glue, which, being poured ont in great profu- 
sion, cements the whole front of the head to the rock, 
including and concealing the antenna tliemsclvca. The 
cement rapidly sets under water, and the animal is 
henceforth immovable. 

It now moults its skin once more. Another gi'cat 
change taltes place ; the bivalve shell is thrown off, as 
are also the eyes with their bent supports, and it is 
seen to be a true Barnacle, though as yet of minute 
dimensions, and witli its valves in a veiy nidimentary 
condition. It is now the representative of a third type 
among the Crastaeean forms, for it is in effect a Stoma- 
pod ; such as the Opossum Shrimp {Mijsis), for ex- 
ample, with tlie shield composed of several pieces, 
stony in texture, on account of the great development 
of their calcareous element, and so modified in form as 
to make a low cone the legs (become the cirri, or what 
I have above called the " fingers") made to perform 
their movements backwards instead of forwards, and 
the whole abdomen reduced to an almost invisible 
point. 

Harvellous indeed ai'e these facts. If such changes 
as these, or anything approaching to them, took place 
in the history of some familiar domestic animal — ^if 
the horse, for instance, was invariably bom under the 
form of a fish, passed thi-ough several modifications of 
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this foiin, imitating the shape of the perch, then the 
pike, then the eel, by successive castings of ite skin ; 
then by another shift appeared as a bird, and then, 
glueing itself by its forehead to some stone, with its 
feet in the air, threw off its covering once more, and 
became a foal, which then gradually grew into a horse ; 
— or if some veracious traveller, some Livingstone or 
Earth, were to tell ns that such processes were the in- 
variable conditions under which some heast of burden 
largely used in the centre of Africa passed, — should we 
not think them very wonderful 'i Yet they would not 
be a whit more wonderful in this supposed case than in 
the case of the Eamaele, in whose history they are 
constantly exhibited in millions of individuals, and 
have been for ages,— even in creatures so common that 
we cannot take a walk beneath our sea-cliffs, without 
treading on thein by liundreds ! 
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CHAPTER XIII. 



Spideks, I am sure, are not favourites witli you. 
With tlie exception of the poor piisonei' in. tlio Bastile, 
who had succeeded in taming a Spider — the only crea- 
ture besides himself that inhahited his dungeon— I do 
not think I have ever heard of any one who loved or 
admired Spiders, moraUy. . Yet, physically, we may 
find mneh to admire in tliem, as not a few naturalists 
have done before us ; there are men who have devoted 
tlieir lives to the study of this unamiahle race, and 
who have discovered in them the same wondi'ous 
skill, and tlie same perfect adaptation of organ to func- 
tion, of structure to habit, that mark all God's works, 
whether we thiuk them pretty or ugly, amiable or re- 
pulsive, 

I am going to show you some' of these pieces of 
mechanism. Remember tJiat tlie whole tribe is sent 
into the world to perform one busineas, — they are com- 
missioned to keep down what would otherwise be a 
" plague of flies." They are fly-bntchers by profession ; 
and just as our beef- and mutton-butchers have their 
slaughter-house, their steel, then knives, their pole-axe, 
their hooks, so are these little slaughterers fumished 
mth nets and traps, with caves, with fau^, and hooks, 
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aiid poison-'bags, ready for their constant work. They 
have, in fact, nothing else to do : thek whole lives are 
spent in slaughtering — with the exception of rearing 
fresh generations of slaughterers — and I suppose they 
Uiink, and are intended to think, of nothing else. 

I was one day in an omnibus, in the comer of which 
eat a butcher. Presently a man got in, whose blue 
gingham coat indicated the same ti'ade. He seated 
himself opposite the other, and the two were soon in 
conversation. "Do you know Jackson?" says A, 
" !No," says B ; " where does he slaughter ? " The 
reply gave me a new idea ; he evidently considered 
that " slaughtering " was the only occupation worthy 
of a man, and therefore the only one worthy of man's 
thought. Spiders are just the same. If an ^evra met 
a OhJhiona, probably the first interchange of eivihties 
would be something like — " Where do you slaughter % " 

" No one," says Professor Bymer Jones, " who 
looks at the annature of a Spider's jaws can mistalie 
the intention with which this terrible apparatus was 
planned. ' Murder' is engraved legibly on every piece 
that enters into its composition." But sui'ely the Pro- 
fessor is rather severe. I do not think this paragraph 
was wiitten on an autumn moraing, when the flies had 
driven him out of bed prematurely early, by incessantly 
alighting on his nose ; nor on coming home from a 
summer evening's walk through the mai'sh, when 
clouds of singing and stinging gnats had been the only 
objects of cognisance to eight, hearing, and feeling. If 
so, he would have been ready to pronounce " killing no 
mm-der," and have ble^ed the slaughtering Spiders as 
pursuing a most praiseworthy and useful occupation. 
Circumetances change 
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AVc will not then touch the moral question ; but 
just look at this apparatus from the head of one of our 
common Spiders (Olvlnona airox), a long-legged and 
swift species, that builds a compact eloth-like web in 
our out-houses, with a gallery open at each end for re- 
treat in danger. The specimen is a pai-t of the slough 
or east akin, which you may always find in the neigh- 
bourhood of such a web ; and it is particularly suitable 
for examination, because it is sloughed in the most per- 
fect condition ; every part, the fangs, the palps, the 
legs with all their joints, the comcEe of the eyes, the 
entire skin witii every hair, — all are here, and all in 
situ, with a cleanness and ti'anslxicency which it would 
require much skill in dissection to obtain, if we cap- 
tured a living Spider for our purpose. 

There are iu front of the head two stout brown or- 
gans, which are the representatives of the antennie in 
insects ; though very much modified both in form and 
function. They are here the effective weapons of 
attack. Each consists of two jointe : the bf^al one, 
which forms the most conspicuous portion of the organ, 
and the terminal one, which is tlie fang. The former 
is a thick hollow ease, somewhat cylindrical, hut flat- 
tened sidewise, formed of stiif chitine, covered with m.i- 
nute transverse ridges on its whole surface, like the 
marks left on the sand by the rippling wavelets, and 
studded with stout coarse black hair. Its extremity is 
cut off obliquely, and forms a furrow, tlie edges of 
which are beset with polished conical points resembling 
teeth. 

To the upper end of this furrowed case is fixed by a 
hinge-joint the fang, which is a curved elaw-lilte organ, 
formed of hard chitine, and consisting of two parts, a 
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ewollen oval base, wliich is liiglily polished, and a more 
slender tip, the surface of which has a silky lustre, 
from being covered with very fine and close-set longi- 
tudinal gi'ooves. This whole organ falls into tlie fiiii-ow 
of the basal joint, when not in use, exactly as the blade 
of a cla^-knife shuts into the haft ; bnt when the ani- 
mal is excited, either to defend itself or to attack its 
prey, the fang becomes stiffly erected; 

By turning the object on its axis, and examining 
the extreme tip of the fang, we see that it is not 
brought to a fine point, but that it has the appearance 
of having been cut off slant-wise just at the tip ; and 
that it is tubulai-. Now tliia is a provision for the 
speedy infliction of death upon the victim ; for both 
the fang and the thick basal joint are permeated by a 
slender membranous tube, which is the poison duct, 
and which terminates at the open extremity of the 
foimer, while at the other end it commimicates with a 
lengtliened oval sac where the venom ie secreted. This 
of course we do not see here, for it is not sloughed with 
the exuvisB, but retaiiied in the interior of the body ; 
but in life it is a sac, extending into the oeiphalo-thorax 
— as that pail of the body which carries the legs is 
called — and covered with spiral folds produced by 
the arrangement of the fibres of its contractile tissue. 

When the Spider attacks a fly, it plunges into its 
victim the two fangs, the action of which is downwards, 
and not from right to left, hke that of the jaws of In- 
sects. At tlie same instant a drop of poison is secreted 
in each gland, which, oozing through the duet, escapes 
from the perforated end of the fang into the wound, and 
rapidly produces death. The fangs are then clasped 
down, carrying the prey, which they powerfully press 
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against the tootlied edges of tlie stout basal piece, by 
which means the nutiitive fluids of the prey are pressed 
out, and taken into the 
mouth, when the dried and 
empty bMii is rejected. 
The poison is of an acid 
nature, as expeiiments 
pei'formed with irritated 
. spiders prove ; litmua-pa- 
per pierced by them be- 
coming red as far around the perforations as tlie emitted 
fluid spreads. 

In the slough, the upper surface of the eephalo- 
thorax is always detached as a thin plate, convex out- 
wardly, concave inwardly. As it is upon the front 
portion of this division of the body that the eyes are 
situate, the slough displays these with great clearness 
and beauty beneath the microscope. Here you may 
see them. Tlie whole slough from its thinness is semi- 
pellueid, but the eyes fi'ansmit the light with brilliance, 
not however as if they were simple round holes, because 
you can discern vei-y manifestly a hemispherical glassy 
coat, by which it is refracted. 

It is, however, when we examine the forehead of a 
living or recently killed spider, tliat we see the eyes to 
advantage. In this example of the same species {C'kib- 
iona airox), you see them, like polished glob^ of dia- 
mond, sunii into the solid skin of the head. Their fonn 
is unimpeachably perfect, and the reflection of light 
from their surface most brilliant. 

The arrangement of these lustrous eyes is woi-thy of 
attention. They are generally eight in number in 
Spiders, but their relative petition vaiies so much, as to 
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afford good characters by whieli naturalists have 
grouped them in genera. In the Olubiona which we 
have been, examining, they are placed in two nearly 
straight transverse rows on the forehead ; but as this 
surface is convex, it follows that the axis of every eye 
points in a different direction from that of its fellows. 
In £}peira, on the other hand, — represented by our 
great Garden Spidei" so commonly seen in the centre 




of its pei-pendicidar web, on sliriihs and in comers of 
our gardens, — the four middle eyes form a square, and 
tile two lateral ones on each side ai'e placed in contact 
with each other. 

It is interesting to remark that their arrangement is 
not arbitary, but is ancillary to the varying instincts 
and wants of the different kinds. On this subject I 
will quote to you what Professor Owen says : — " The 
position of the four median ones is the most constant ; 
they generally indicate a square or trapezium, and may 
be compared with the median oeeUi in hexapod insects. 
Tho two, or the two pairs of lateral oceM may be coin- 
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pared ■with the compound eyes of insects ; the anterior 
of these has usually a downward aspect, whilst the 
posterior looks baekwai'ds ; the variety in the arrange- 
ment of the oeeUi of Spiders always bears a constant 
relation to the general conformation and habits of the 
species. Duj^e has observed that those Spiders which 
hide in tubes or lurk in obscnre retreats, either under- 
ground or in the lioles or fissures of walls or rocks, 
from which tliey only emerge to seize a passing prey, 
have their eyes aggregated in a close group in the middle 
of the forehead, as in the Bird-spider, the ClotJio, &e. 
The Spiders which inhabit shoiii tubes terminated by a 
large web exposed to the open air, have the eyes sep- 
arated, and more spread upon the front of the cephalo- 
thorax. Those Spiders which rest in the centre of a 
free web, and along which they frequently traverse, 
have the eyes supported on slight prominences which 
permit a gi'cater divergence of their axes ; this struc- 
ture is well marked in the genus Thor/iim, the species 
of which lie in ambuscade in flowers. Lastly, the 
spiders called Errtxntea, or wanderers, have their eyes 
still more scattered, the lateral ones being placed at the 
margins of the cephalo-thorax." * 

The shining hemisphere (or nearly a sphere) is in 
each case covered with a thick cornea, a continuation 
of the skin, perfectly transparent, and tlirowing off its 
outer coats successively in the process of moultnig, 
like that of the rest of the body. The centre of its 
inner surface is deeply excavated for the reception of a 
crystalline lens, which is globular in form, and which 
rests behind on the front surface of a hemispherical vit- 
reous body, without sinking into it. The space between 

• Comp. Anat. (Ed. 2) p. 4SI. 
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tliis body and the aide of the lens forma a nng-like 
channel which is filled with an aqueonB humour, and 
into thia projects a circular process of the thick pigment- 
coat, which con-esponda to the choroid, thus defining 
the pupil of the eye, and at the same time confining 
the lens to ite proper situation. The mai'gin of this 
pigment-ring may be considered as an iris, and is of 
various colours, as red, green, or brown ia those species 
which are active by daylight, while it is black at the 
hack of the eye. The nocturnal speciea have no dark 
pigments, but ai'e famished with a cairtain (^a^etoiTn), 
which reflects a brilliant metallic lustre, and makes the 
eyes of these Spiders glare in the twilight, hke those 
of catB. 

It will be interesting to compai'e with this range of 
eyes, the same organs in a kindred animal, the com- 
mon Harvestman (Phal(m,gvwm eoTTrntumi). Here in 
the centre of the cephalo-thorax rises a short pillar, 
which is ci-owned with two rows of conical points, with 
pohshed black tips. On each side of the pillar is a 
large black eye, hemispherical in form, and brilliantly 
glossy, exactly resembling, indeed, those which we 
have just examined. There are, however, only ttiis 
single pair which thus look out laterally, exaetly like 
the eyes of Birds. There is, indeed, a speck on each 
side of the thorax, considerably removed from the eye- 
piUar, just above the origin of the first pair of legs, 
which has been mistaken for an eye ; but it is truly a 
spiracle, or breathing hole. 

There ai-e many other points of interest about tliia 
HaiTestman, sneh as the conical spines which stud the 
head, body, and limbs ; the multitude of small bead- 
like joints into which the foot {tarsus) is divided ; and 
11 
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in particular the hainmer-like foiin of the modified an- 
tennas, wliieh bend abruptly downwards, and have 
pincer-tips. These are higlily eurious, and you may 
examine tliem at your leisure ; but for the present we 
will return to our Spiders. 

Ever since those mythic times when Araelme con- 
tended with Minerva for supremacy in needle-work, 
and was changed, for her pains, into a spider, onr little 
spinners have been famous {Spider = ©pinne) for their 
matehleBs achievements in thread. And still their in- 
dnstrioua art is plied everywhere around us — ^in our 
chambers, in our windows, in our cellai's, in onr walls, 
in our gardens, in waste and desert places, and even 
under water. But yon shall hear what Professor Owen 
saye on the degi-ee and mode in which Spiders exercise 
their singular secreting faculty, which " varies eon 
siderahly in the different species. Some, as the Glui- 
ionas, line with silk a conical or cylindrical retreat, 
formed, perhaps, of a eoiled-up leaf, and having an 
outlet at both extremities, from one of which may issue 
threads to entrap their prey. Others, as the Segesl/ri^, 
fabricate a silken burrow of five or six inches in length, 
in the cleft of an old wall. The Mygale cetuenta/na 
lines a subterraneous burrow with the same substance, 
and manufactures a close-fitting trap-door of cemented 
earth, lined with silk, and so attached to the entry of 
the burrow as to fall down and cover it by its own 
weight, and which the inmate can keep close shut by 
means of strong attached threads. 

"The arrangement of Spiders by M. "WalckenaSr 
into families, characterised by their habits, places t!ie 
pi-incipal vaideties of their webs in a very concise point 
of view. 
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" jDie Oursores, Saltatores, and Lateyip-adm, make 
no weljB : the first catch their prey hy swift pursuit ; 
the second spring upon their prey by insidious and 
agile leaps ; the third nm, crah-like, sideways or back- 
wards, and occasionally throw out adhesive tlireads to 
entrap their prey. The Zateiricolw hide in burrows 
in figures, which they line with a web. The TvMcolm 
inclose themselves in a silken tube, strengthened ex- 
ternally by leaves or other foreign substances. The 
Niditelm weave a nest whence issue threads to entrap 
their pi'ey. The FUitdm ai'e remarkable for the long 
threads of silk which they spread about in the places 
where they prowl in quest of prey. The La^itelm spin 
great wehs of a close texture, like hammocks, and wait 
for the insects that may be entangled therein. The 
Orbitel<B spread abroad webs of a regular and open 
texture, either circular or spiral, and remain in the 
middle, or on one side, in readiness to spring upon an 
entangled insect. The Hetitdm spin webs of an open 
mesh-work and of an irregular form, and remain in the 
middle or on one side, to seize their prey. Lastly, the 
AquitelcB spread their silken filaments under water, to 
entrap aquatic insects. 

" The silken secretion of Spiders is not applied only 
to the formation of a warm and comfortable dwelling 
for themselves, or of a trap for then.' prey ; it is often 
employed to mtwter the struggles of a resisting insect, 
which is hound round by an extemporary filament, 
spun for the occasion, as by a strong coi-d. It forms 
the aeronautic filament of the young migratory brood. 
It serves to attach the moulting HydracTvna to an 
aquatic plant by the anterior part of the body, when it 
struggles to withdraw itself from its exuvium. Lastly, 
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a softer and more silken kind of we!) is prepared for 
the purpose of receiving the eggs, and to serve as a 
nest for the young." * 

The silk -with whicli these various fahries are con- 
structed 13 a thick, viscous, transparent liquid, much 
like a solution of gum arahie, which hardens quickly 
on exposure to the air, but can meanwhile be drawn 
out into thread. So far, it agrees with the silk of the 
silkworm and other caterpillars ; but the apparatua by 
which it is secreted, and that by which it is spuu, are 
both far more complex and elaborate than those of the 
latter. Generally speaking, there are three pairs of 
spinnerets, or external organs, through which the 
threads are produced, but in some few cases there are 
only two pairs, and in others, as the Gai-den Spiders 
{^eira), the hindmost pair seem to be united into a 
single spinneret. These are always situated at the 
hinder extremity of the body, and I will show them to 
you presently. T'irst, however, I will describe the in- 
ternal apparatus — the source of the threads. 

The glands which secrete the gummy fluid are 
placed in the' midst of the abdominal viscera, and in 
some instances — as in the female of £^eira fasdata, 
a species which makes a remarkably large web — they 
occupy about a quarter of the whole buhc of the ab- 
domen. About five different kinds of these glands 
may be distinguished, though they ai-e not ail present 
in every species. The ^eirce, however, present them 
all. 

In this genus tliere are: — 1. Small, pear-shaped 
bags, associated in groups of hundreds, and leading off 
by short tubes, which are ioterlaced in a screw-like 
• Comp. Anat. (Ed. 2), p. 468. 
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er, and open in all of the spinnerets. 2. Six long 
twisted tuLea, whieb, gradually enlarge into as many 
pouches, and then are each protracted into a very long 
duet, which forms a double loop. 3. Three pairs of 
glandular tubes, similar to the preecding, but which 
open externally through short ducts, 4. Two groups 
of much branched sacs, whose long duets rim to the 
upper pair of epimierets. 5. Two slightly branched 
blind-tubes, which terminate by two short duete in the 
middle pair of spinnerets. 

It is not veiy easy to examine the spinnerets with a 
microscope, so as to make out their structure. If we 
confine the Spider in a glass cell, it is so restless that 
the least shoet or change of position will cause it to 
move to and fro ; and, besides, when it does become 
quiescent, the spinnerets are closed in towards each 
other, so that we cannot see their extremities. By 86' 
leeting a specimen, however, recently killed, such as 
this Clvbiona, we may discern sufficient to enable us to 
comprehend their construction. 

Looting, then, at the abdomen from beneath, we 
see the thi-ee pairs of spinnerets clustered together close 
to the extremity. The pair most forwai'd ai'C shaped 
somewhat like barrels, whose free ends bend over to- 
wards each other. They are covered with stiff black 
haira, and just within the margin of what may be 
called the head, of the barrel (for it is cut off horizon- 
tally, with a sharp rim), thei'e is a circle of very close- 
set, stiff, whitish bristles, which arch inwards. The 
whole flat surface of the " head," within this circle of 
bristles, is beset with very minute hoi-ny tubes, stand- 
ing erect, which are tlie outlets of the silk-duets, that 
belong to this pair. 
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Behind tHa first pair ai-c seen the middle pair, al- 
most concealed, however, from their shortness and 
BmaUnesB, and from the approximation of the first and 
third pairs. We can discern that they are more teat- 
like than the preceding, temiinating in a minnte wart, 
which is prolonged into a homy txibe. The whole teat 
18 set with similar tubes, which are larger and longer 
than those of the first pair. Finally, the third pair 
resemble palpi, for each consiste of two lengthened 
joints and are bluntly pointed. The spimaing tubes in 
tiiese are Kmited, as it appears to me, to one or two at 
the extreme end of each spinneret, the whole surface 
besides being covered with the ordinary long bristlea. 
Strictly, spealdng, however, they are three-jointed, for 
all the spinnerets spring from wart-like sockets, which 
may be considered as basal joiats ; and &s the circlet 
of bristles in tlie first pair doubtless indicates a Bhort 
joint, sunken as it were within the preceding, this pair 
is likewise tln-ee-jointed ; tlie middle pair appears to 
be but two-jointed. 

The minute homy tubes are themselves composed 
of two joints, the basal one thick, the terminal one 
vei'y slender, and perforated with an orifice of excessive 
tennity ; through which the gum oozes at the will of 
the animal, as an equally attenuated thread. On our 
Olvbiona^ the number of tub^ in all the spinnerets is 
about three hundred ; but in the Garden Spider 
(Epdri^ they exceed a thousand. 

This remarkable multipHcity of the strands with 
which the apparently simpie and certainly slender 
thread of the Spider is composed, has attracted the at- 
tention of those philosophers who seek to discover the 
reasons of the phenomena they see in nature. The ex- 
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plaEation was first suggested, I believe, by Mr. Een- 
nie,* but it has been amplified with much force by 
Professor Jones, in the following words : — 

" A very obvious reflection will here naturally sug- 
gest itself, in connexion with this beautiful machinery ; 
why, in the case of ilie Spider, it has been found ne- 
ce^ary to provide a rope of such complex structure, 
when in so many Insects a simple, undivided thread, 
drawn from the orifice of a single tube, like the thread 
of the Silkworm, for instance, was sufficient for all re- 
quired pui-poses. And here, as in every other case, it 
wUl be found, on consideration, tliat a compficated ap- 
paratus has been substitated for a simple one only to 
meet the requu-ements of strict necessity. The slow- 
moving Caterpillai', as it leisiu'ely produce its silken 
cord, gives time enongh for the fluid of which it is 
formed to harden by degrees into a tenacious filament, 
as it is allowed to issue by instalments from the end of 
the labial pipe ; but the habits of the Spider require a 
different mode of proceeding, as its line must be in- 
stantly converted from a fluid into a strong rope, or it 
would be of no tise for the purposes it is intended to 
fulfil. Let a fly, for example, become entangled in the 
meahes of a Spider's web ; no time is to be lost ; the 
struggling victim, by every effort to escape, is tearing 
the meshes tliat entangle it, and would soon succeed 
in breaking loose did not its lurking destroyer at once 
rash out to complete the capture and save its net, spmi 
with so much labour, from ruin. "With the rapidity of 
thought, it dai-ts upon its prey ; and before the eye of 
the spectator can comprehend the manceuvre, the poor 
fly is swathed in silken bands, until it is as incapable 
* Insect ArcMtectiire, 337. 
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of moving as an Egyptian mummy. To allow the 
Spider to perform such a feat aa this, its thread must 
evidently he instantaneously placed at its disposal, 
which would have heen impossible had it been a single 
cord, but being subdivided into numerous filaments, so 
attenuated as we have seen them to be, there is no time 
lost in the drying ; from being fluid they are at onee 
convei'ted into a solid rope, ready for immediate sei'- 
vice." * 

No doubt you have often admired the exquisite re- 
gulai'ity of those Spidei's' webs which are called geo- 
metric ; that of our abundant Garden Spider, for in- 
stance. You have observed the cables which stretch 
from wall to wall, or from buBli to bush, in. various di- 
rections, to form the scaffolding, on which the net is 
afterwards to be woven ; then you have marked the 
straight lines, like the spokes of a wheel, that radiate 
from the centre to vaiious points of these outwork 
cables, and finally the spiral thread that circles again 
and again round the radii, till an exquisite net of many 
meshes is formed. 

But possibly you are not awai'e that these lines are 
formed of two quite distinct sorts of sUk. It hae been 
shown that the cables and radii are perfectly nnad- 
hesive, while the coneentrie or spiral circles are extreme- 
ly viscid, Kow the microscope, or a powerful lens, 
will reveal the cause of tliis difference ; the threads of 
the cables and radii are perfectly simple, while the 
spiral threads are closely studded with minute globules 
of fluid, like drops of dew, which, from the elasticity 
of tlie thread, are easily separated from each other. 
These are globules of viscid gum, as is easily proved by 
* Nat. Hiat. of Anim. ii, 339. 
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toiTcliing one oi" two with the finger, to which they will 
instantly adhere ; oi- by throwing a little fine dust over 
the nest, when the spirals will T)6 found clogged with 
dirt, while the radii and cables remain iinsoiled. It is 
these viscid threads alone that have tlie power of de- 
taining the vagrant flics which accidentally touch the 
net. 

The diversity of the secreting organs already al- 
luded to, as well as in the spinnerets, is no doubt con- 
nected with this difference in the character of the Bilt ; 
and it is worthy of remark that this diversity is 
gi-eatest in aueli Spiders, as the ^ei/rm, which spin 
geometric nets. 

Immense is the number of globules of viscidity that 
stud the spu-al circles of one of these nets, Mr. Black- 
wall, the able and learned historian of the tribe, has 
estimated that as many as 87,360 such pearly drops oc- 
curred in a net of average dimensions, and 120,000 in 
a large net of fourteen or sixteen inches diaiaeter ; and 
yet a Spider will eonsfcract such a net, if uninterrupted, 
in less than three-quarters of an hour. 

Scarcely I(as admirable is the ease and precision 
with which the little architect traverses her perpendic- 
ular or diagonal web of rope ; a skill which leaves that 
of the mariner who leaps from shroud to backstay in a 
ship's rigging immeasurably behind. To underetand 
it, however, in some measure, look at this last joint of 
one of the feet of our well-used Olvhiona. It is a cylin- 
drical rod, ending in a rounded point ; evei-y pai't of its 
surface is studded witli stiff, rather long, homy bris- 
tles, which, springing from the side, arch inward to- 
wards tlie point. ITow this array of spines effectually 
prevents a false step, for if any part of the leg, which 
11* 
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ia sufficiently long, only atrilies the thread, the latter is 
certain to slip in between the bristles, and thus to catch 
the leg. But more precision than tliia is reqniaite ; es- 
pecially when we observe with what delicacy of toneh 
the bindei' feet are often used to guide the thread as it 
issues from the spinnerets, and particularly with what 
lightning-like rapidity the larger net-weavers will, with 
the assistance of these feet, roll a dense web of eilk 
around the body of a helpless fly, swathing it up, like 
an Egyptian mummy, in many folds of cloth, in an in- 
stant. 

Look, tlien, at the extreme tip of the ultimate joint. 
Two stout hooked claws of dark homy texture are seen 
proceeding from it side by side, and a tliird of smaller 
size, and more delicate in appearance, is placed be- 
tween them, and on a lower level. The former have 
their imder or concave sm^ace set with teeth (eigh- 
teen on each in this example,) very regularly cut, like 
those of a comb, which are minute ict the coinmoneo 




ment of the scries near the base of the claw, and grad- 
ually increase in length to the tip. These are doubt- 
less sensible oi'gans of touch, feeling and catching the 
thread; and they, moreovei", act as combs, cleansing 
their limbs, and probably their webs, from the parti- 
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cles of dust and otiier extraneous matter which are 
continually cleaying to tliem. 

There ai'e Spiders in the sea also. I can show you 
one which is sufficiently common on the south(!rn 
shores, Bprawh'ng and crawling sluggishly among tlio 
filamentous seaweeds and hranching flexihie zoophytes. 
Here it is, Nymphon. by name. 

Its most prominent characteristic is the excessive 
slendemess of all its parts, bnt especially its eight legs, 
which are exceedingly lengthened, comprising each 
eight joints, and no thicker than the finest thread. On 
the other hand, the body is reduced to a minimum ; the 
abdomen, which in the Spiders and IlaryeBtmen of the 
land is so bulky as to constitute the chief volume of the 
animal, is here so minute that you will have some dif- 
ficulty in finding it at all ; it is, in fact, that tiny atom 
of a point that projects between the hindmost pair of 
limbs. The thorax, indeed, is a little more developed ; 
but even this has scarcely any appreciable breadth or 
thickness, being scarcely more than the extended hne 
formed by the successive points of origin of the limbs. 

The head, however, is distinct and well furnished. 
It is crowned with a short column, much as in Hie Har- 
vestman, on tho summit of which are placed four black 
eyes, set in square ; these, under the magnifying power 
which we are applying to them, gleam like diamonds, 
the light being highly refracted throiigh them. It is 
the high refractive power of these eyes, as of tliose 
which we have lately been examining, which makes 
them appear black ; for, as I have explained, they ai-e 
raaUy transparent lenses, covered witl^ polished cor- 
ncie, and fumislied with tlie other essentials requisite 
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for the transmission of the rays of hght to the optic 
nerve, or, as in this case, direct to the brain. 

In front, yon see the head projects into a stout oval 
or cylindrical proboscis, terminating in a small mouth 
and stout jaws, and furnished at tlie sides with a pair 
of spine-like palpi, and a pair of pincer-claws (modified 
antennae) somewhat resembling the nippers of a Ci-ab 
or Lobster. 

Such is the outward form of this tiny speclr, the 
whole body of which scarcely equals in dimensions a 
quaiier of an incli of sewing cotton. And now I will 
beg youi' attention to the singulai" manner in which di- 
gestion is earned on in this atom, which yon will dis- 
cern plainly enough throngh its brown but translucent 
skin. If you look carefully at either of the long, many- 
jointed legs, you win see that it is permeated by a cen- 
tral vessel, tlie walls of which contract periodically 
with a pulsation closely resembling that of a heart, by 
which granules or pellucid corpuscles, floating in a cleai 
fluid, ai-e forced forward. There is no tmifonnity iu 
the direction of the pulsatory waves ; sometimes, as in 
the limb wo are watching, they proceed from the body 
towai-ds the extremity ; but, in some of the others, we 
shall probably find, even at the same moment, that the 
waves have a reti-ograde course ; and this contrariety 
may occur in two contiguous limbs on the same side 
of the animal. By continuing our obsei'vation for 
some minutes, we shall find also that its force is vary- 
ing and uncertain ; strong and regular at one time, weak 
and vacillating at another, and sometimes even quite 
intermitted, or at least, quite imperceptible. 

By selecting a limb in which the movements are 
strong, you may trace the v^sel to its termination in a 
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blind sac in the last joint but one of tbe limb ; and 
then follow it up to its jujiction with a great vessel 
■which lima longitudinally through the trunk, of which 
all the vessels that permeate the limbs are branches, 
and whence the circulating globules all proceed. This 
great vessel is the stomach and this chculation is the 
provision for dispersing the nutritive properties of the 
food to all parts of the system. There is in these hum- 
ble and simply organized animals no proper blood, or, 
at least, none included in a system of arteries and 
veins ; but the products of digestion are carried to the 
most distant parts of the body, through this extraordi- 
nary development of tlie stomach or intestine (both in 
one,) and through this series of blind canals, by means 
of their own irregular conta'actions, aided by the mus- 
cular movements of the body and limbs. 

You would scarcely forgive me if I took no oppor- 
tunity of showing you the Cheese-mite, that first object 
of wonder to every child that looks through a magniiy- 
ing glass. And no place so suitable for its introduc- 
tion, as in connexion with its cousins, the Spiders and 
Harvestmen. Well, fortunately, we need not search far 
for specimens ; for here, in the cavity of this almost 
defnnct skeleton of a cheese, we can find as many mil- 
Kons as you can reasonably desire to select from. Here 
is a fat one ; we'll take him. 

Xou see with a pocket lens that it has a plump, pol- 
ished oval body, of a pehueid white hue, and eight 
short red legs ; but for igore than this we must go to 
the tube. Look at him now, as he Ues on his back, 
helplessly sprawling and throwing his feeble legs about, 
in the Kve-box. 

His oval body is divided by a tfansverse fun'ow into 
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thorax and abdomen, like a Beetle's ; and tliere is an- 
other divieion between the bead and thorax, wherein it 
differa from the Spiders. Tlie first two pair of legs are 
sepai'ated by an interval from the last two pairs ; they 
are all of a translitcent pale red hue, as is also tlio head : 
each consists of seven short joints, fhe last of which 
lias a sort of heart-shaped pad, something like a horse's 
hoof, and a single hooked claw, which works against its 

The stractnrc of the head cannot be seen satisfacto- 
rily otherwise than by crushing the Mite in the com- 
pressoriuna ; a process which, when we remember how 
many thonsands we crush down in our oral compresso 
rimn every time we eat ripe cheese, needs not excite 
much compunction. "We must put a drop of watec be- 
tween the plates, in order to wasli away the opaque 
granules which will escape ft'om the bodies of the ani- 
mals, when the skin, and all the solid parts, will be left 
beautifully clear and distinct. Moreover, by putting 
half-a-dozen specimens in at once, we shall eeciu'e them 
pressed in vai-ious aspects, and be pretty sure of some 
perfectly flat and symmetrical. 

I have one under such conditions ; the parts of the 
mouth nicely expanded, and the whole well displayed. 
Ifow for a higher power ; for, to discern tliis properly, 
we cannot do with less than 600 diameters. 

Viewed from beneath, we see a broad lahium, near- 
ly square, divided at the tip into two blunt points, with 
a shai-p notch between them. - The two lateral edges are, 
as it were, buttressed by a pair of palpi, which are 
thick, and consist of four joints each ; these ai-e distin- 
guished by the bristles at each joint, though the whole 
are united ; soldered, as it were, to the sides of the hp. 
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The upper portion of the montli ia formed by two 
Btout mandihles, whicli are jointed to tiie front of the 
head, and can he either widely expanded or brought 
together so as to form a covering to the labium. They 
are pincer-form, like the claws of a crab, tlie two fin- 
gers being strongly toothed on their opposing surfaces. 
They tlius form effective prehensile inatrnments. These 
mandibles can he advanced separately or together, aad 
the ivhole head can be elevated o 




In tlie water of ponds wc may freqiiently see, play- 
ing among tlie Buh-acLuatic vegetation, brig!i(>colonrcd 
Mites ; sometimes rich velvety green, sometimes pur- 
ple, bat more commonly brilhant scai-let ; often cmi- 
otisly marked with sinuous patterns or spots of black. 
They swim rapidly and evenly by means of rapid row- 
ings witli their legs, which are thickly fringed with 
long hairs. I have one here, which seems to be the 
Sydrachna histrioniea. It is a little, flat, circtilar, 
cushion- or cake-like creature, scarlet, witli four clouds 
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of black on its back, about one-sixth of an ineli iu di- 
ameter. Ton may notice the effective oai-s which the 
legs fonn by means of their thick fringe of hair, and in 
particular the power which the hind pair possess by 
reason of the enormously by dilated hip-joint, affording 
space for broad and powerful muscles. 

The stnieture of the mouth differs greatly from the 
same parts in the Oheese-mite. The palpi here are long 
and perfectly free throughotit ; the fourth joint is long 
and slender, and is curiously hollowed at the end to re- 
ceive the terminal joint, which forms a short claw, and 
which falls down upon the former. The mandibles, too, 
are not pincers, but consist each of a thick joint cut off 
obhqnely behind, like the nib of a pen, while the other 
extremity is blnnt and broad, and bears a strong curved 
claw; the lip is oval, and cleft in the middle, and is 
wedged in between tlie bases of the first pair of legs. 
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CHAPTEE XIV. 

WHEEL-EEAEEKS. 



I MOST now introduce you to a class of animals peen- 
Karly microscopic, einee witliovit onr marvel-showing 
instrament they are wholly beyond the sphere of hu- 
man cognizance. Yet they have heen ever since its 
invention favourite objects with tie microscopiat ; and 
I am free to confess that, among all the classes of ani- 
mated beings, this of tlie HoUfera, has been my own 
special delight. Their numerous and varied fonns, often 
of remarkable symmetry and elegance, their swiftly- 
revolving wheels, their vigorous and sprightly motions, 
their cuiious habits and instincts, their complex organi- 
zation, and the ease and correctness with which this is 
discerned through thm tissues, which have the trans- 
parent brilliance of the purest crystal — all combine to 
impart a charm to the Wheel-bearera, which makes the 
observer hail their appearance in his drops of water 
with pleasure, and linger over tliem with unwearied 
delight. 

The peeulianty which specialty characterizes them is 
the presence of certain organs called ciUa, and their 
arrangement in such a manner that their motion gives 
to tlae observer the impression that two toothed wheels 
ai'C placed on the front of the animal, which are in 
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rapid revolution on tJneir axes, Thia was believed to 
be the real fact by tlie earlier mleroseopists, though 
they were utterly tmable to conceive how Buch a move- 
ment could consist with parts maintaining an organic 
connexion between themselves. It is, however, an op- 
tical illusion, depending on the nature of ciliaiy move- 
ment, which therefore I must first endeavor to explain 
to you. 

Oilia are organs which play a very important part 
as instruments of locomotion, as well as of other ftine- 
tions, in all the lower forms of animals, and in the early 
stages of some of the higher forms. They ai'e found 
also characterising the lowest forms of vegetable life, 
giving to them the means of spontaneous locomotion, 
which renders them liable to be mistaken for animals. 
They consist of prolongations of the fleshy tissue into 
long and very delicate hairs, which are endowed with a 
special faculty of motion. This consists of a bending 
down in a given direction to a certain extent of flexure, 
followed by a rapid resuming of the perpendicular; 
which is however immediately succeeded by like bend- 
ings and straighteninga in alternate gradation. The 
simplest condition of this movement is that in which a 
single cilium only exists, by whc^e successive lash-like 
beats upon the surrounding water, the animal is rowed 
along as a boat thi-oiigh the sea. But far more com- 
monly cilia are an-anged in rows, or in many scries of 
rows, in which case liie bending and straightening of 
the individual cilia do not occur otherwise than in strict 
and orderly relation to each other. For instance, one 
cilium in a given row begins to bend, the one next to 
it then begins, then the third, then the fourth, and so 
on all precisely in the same direction, all in precisely 
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the same time, all with precisely the same force, and all 
to precisely the same extent. It follows, that before the 
first has completed its beat and reaumed the erect posi- 
tion, three or foiir others are in variona degrees of flex- 
ion, regularly graduated ; and that if the eye could 
look laterally at such a row of cilia suddenly arrested 
and fixed as they were, we should see their tips tracing 
a wavy line instead of a straight one. Moreover, since 
the bending of any cilium brings its tip nearer to its 
successor than it was before, and this approximation in- 
creases die farther the flexui-e proceeds, it follows that 
at the bottom of each wave the tips of the cilia over- 
lap their successors, while the spaces peifendicularly 
above their bases are left more opeu by the removal of 
their points. 

Hence, in microscopical observation of cihated ani- 
mals, though the individual cilia are too minute to be 
discerned while still, we can readily discern the in- 
ere^ed density (and therefore opacity) of the bottom 
of a wave, contrasted With the increased openness (and 
therefore clearne^) of the summit. So that the optical 
effect is that of an alternate auccrasion of dark and 
light spots blending into each other. 

But as no cilium in the series is for two successive 
moments in the same degree of flexure, and as both it and 
all its predecessors and successors are ever urging on 
their perfectly timed and regulated course, the waves 
are nevei" flxed, but always gliding on with a swift but 
beautifully even rapidity. And as it is with the waves, 
so it is with their optical effect upon the eye ; the black 
and white spots, or rather the black spots with blank 
intervals, appear to he constantly chasing each other in 
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You are tben prepared to take a peep at this beau- 
tiful Brachwrms ^ala. A cup of elegant foi-m, swelling 
at the sides and narrowing a little at the month, has 
one side of its rim furnished with four spines, the mid- 
dle pair of which are veiy slender, sharp, and needle- 
like ; the other side of the rim is nndxilated, but not 
toothed. The bottom of the cup terminates in two 
broad blunted points, — when seen directly in front ; 
but a lateral view considerably modifies the wkole form- 
Then you see that the back of the cup is much more 
swollen, the belly-edge being nearly eti'aight, and that 
this latter descends much lower than the dorsal line, the 
bottom being as it were eiit away obliquely and slightly 
hollowed. Between the two bottom points, there is a 
round opening, for an object which we shall see pres- 
ently. Such is the shell, or lorica, as it is technically 
called, which is of a rather stiff, elastic consistence, of 
a homy (ehitinoua) texture, and of the most glassy 
transparency, peimittiog us to ti'ace every vessel, every 
organ, and eveiy function of the animal within the shell 
with perfect distinctness. The little creature is of un- 
wonted dimensions in its class, for it is one thirty-sixth 
of an inch in length. Hence it is just visible as a white 
speck moving in the water, to the unassisted eye, while 
a pocket lense reveals its beautiful form. 

Within this translucent shell you see a confused 
mass of moving viscera, a multitude of in'egular sacs 
and bands, lying over each other, whose crowding, 
changing, and vanishing lines distract the attention, and 
prevent you from making out anything definitely. But 
a waved outline of hyaline flesh is protruding from the 
rim of the shell, and now, having i-eached beyond the 
level of the spine-pomts, it rapidly unfolds into three 
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broad flattiali lobes, and in an instant each of the two 
lateral ones is crowned by a wheel of dark points in 
rapid horizontal revolution. Is not this a charming 
sight ? Konud and roiind go the wheels, forming twu 
perfect crowns, which rotate witli unintemipted and 
imeeasing course, smooth and regulai', which wc can 
compare with nothing else than the crown-wheel of a 
watch, if allowed to van down. 

Sow these are examples of cUiaiy action. Thotigh 
at first it is almost impossible to persuade oneself that 
there is not an actual rotation of parts, yet this is only 
an illusion, as I have already explained. Tlie waves 
alone move, the cilia themselves retaining their position 
unchanged except that they alternately bend and erect 
themselves. It may assist your idea of this motion to 
advert to a field of corn, over which a smart breeze is 
blowing. Ton see that waves chase each other across 
the field ; but your reason, and indeed your observa- 
tion, tells you, that this appearance is produced entirely 
by the alternate bending and rising of the ears of com, 
which are of course stationary. 

The beauty and wonderfulness of these ciliary wheels 
are so striking, especially when one sees them for the 
first time, that for a while we see nothing else : we can- 
not take our eye off from them. But when you have a 
little satisfied your sense of seeing, you may examine 
other points of interest in this channing little animal. 

The cilia are remarkably stout and long hi this 
genus, but on the middle lobe of the front there ai'e 
other proc^ses of tlie same character ; but stiU stouter. 
These too are not properly vibratile, at least they 
do not make circular wheels : ordinarily they project 
like stiff erect bristles, or converge towards each other. 
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Between the two middle spines the shell is cut into 
a deep notch, out of which protrudes, when the wheels 
are expanded, a curious little organ, consisting of a 
couple of fleshy tubes, the one sheathed in telescopic 
fashion within the other, and bearing at ita tip a pencil 
of bristles, which can in turn be sheathed. This organ 
doubUees represents the united antennae of Insects, 

But, you ask, what is that much more conspicuous 
organ that is alternately thrust out and drawn hack at 
the bottom of the shell, and that is so nimbly whisked 
about in all directions, looking, with its numberless 
transverse wrinkles, and its little fingers at the tip, so 
like an elephant's trunk in miniature? This is the 
creature's foot ; the only one he has ; and as I said tlie 
little tubular telescope represents the two antenna fused 
into one, so we must consider that this flexible member 
represents all the six pairs of an Insect's legs united, 
or perhaps, more philosophically, one of the pairs, the 
rest being obsolete. It must not be considered as a taU, 
not only from its function, which is decidedly that of 
locomotion, but also from its position on the ventral 
side of the intestinal orifice. It is a curious organ, 
capable of great elongation or, at the wiU of the animal, 
of entire retraction within the abdomen ; and this in an 
instant : while, as you observed, it is flung about, and 
dashed from side to side, and bent hither and thither 
with a sort of insane energy. The means by which 
these movements are performed, you may easily discern 
in several pairs of muscular bands which run through- 
out its whole length, their upper insertions being placed 
high up on the interior of the shell, where, during eon- 
traction, you may see them swollen into thick bulbs. 

The foot terminates in two short c 
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toes, which can be drawn in or extended, widely sepa- 
rated or brought into contact, at pleasure. By means 
of these the animal has the power of mooring itself, 
even to the smooth surface of glass ; and that bo firmly 
that from them it can stretch itself in all directions by 
turns, now aud then shating itself to and fro with sud- 
den violence, as if irritated, yet ■without letting go its 
foot-hold. 

While thus anchored, the action of the ciliaiy wheels 
produces considerable whirlpools in the surrounding 
water, aa you will see very distinctly when we have 
recourse to a curious but simple expedient, first in- 
vented by Grleichen and since much used by Ehrcnberg, 
of mixing soma colouring matter with the water in 
which the animal is. I take a little carmuie with a 
wetted hah'-peneil, as if I were going to colour a draw- 
ing, and allow a small portion of the pigment to diffuse 
itself in the water wliich is in the hve-box, then, put- 
ting on the cover, I quietly replace tlie whole on the 
stage, and re-find my little Brachion : and now I again 
submit it to your observation. 

The whole field is now filled with scattered granules 
of irregular form and size, of a dark-red hue. These 
are the particles of cannine floating in the water ; par- 
ticles of alumina, that is to say, stained with cochineal. 
They are in motion, and their movement is more ener- 
getic the nearer they are to the little animal, which is 
rotating vigorously in the midst of them. They describe 
two great circles, concentrieal with the two wheels of 
the Brachlonus, and it is easy to see that their rotations 
ai-e the cause of the movement. The motion of the 
ciHa. communicateB itself to the surrounding water, and 
produces circular currents, into which every floating 
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atom within a certain distance is drawn, and in wliicli 
it then continues to whirl round with a rapidity which 
increases as it approaclies the centre of rotation. 

But the Brchohionus suddenly lets go its foot-hold, 
and a surprising change takes place. Wo more currents 
are made in the water, but the animal itself glidea 
swiftly away head foremost with an even course, Tovolv- 
ing on its axis as it goes. What is the immediate cause 
of its movement? The ciliary action which laeforo 
produced vertical currents. 

In order to explain tliis, let me suggest to you a 
homely comparison. Suppose you sco a boat on a still 
lake, and in it a man pulling a pair of oars. He pulls 
vigorously, but the boat does not move an inch, and 
you perceive that she is fast moored ; a rope holds her 
to a post on the bank. But does tlie man's rowing 
produce no effect ? Oh yes ; the successive strokes of 
his oars upon the water have communicated motion to 
the fluid, and a strong current is made on each side of the 
boat, in a direction opposite to that in which he strives 
to row hei" forward, the force of which is felt to a dis- 
tance proportionate to the vigour and continuance of 
his pulling. The reason of this is that the boat is iixed, 
and all the force of the impact is spent on the water. 

But now another man approaches the post and un- 
ties the rope. Instantly the boat glides ahead, and 
continues to do so, urged by tJie repeated strokes of the 
oars, whose effect on the water in making currents is 
now slight and imperceptible. The reason of this is, 
that the water is now the iixed body (or nearly such), 
and the force of the impact is mainly spent on the 
movable boat. 

The Srachionus S:& tbe boat, its cilia are the oars, 
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and its foot is tlie rope. As long as this last maiiitauis 
its hold, the whole force of the ciliary stroke is spent on 
the water, and currents are the result ; but as soon bs 
this hold is broken, the force acts on the animal (=boat), 
which is thus rowed rapidly foi'wai'ds. 

The use of iihe cilia iu this latter case is obvious. 
They enable the little animal to rove about at its way- 
ward will ; and doubtlesa motion is as pleasant and 
necessary to it as to the flsh in the sea or the bird in 
the air. But what is the object of their vigorous rota- 
tion, when the animal chooses to maintain a firm hold 
with its foot ? What is the use of rowing a boat, if 
yon do not choose to let go the painter ? 

To solve this enigma, let us search up our little Brach- 
ion once more ; he will not roam long before he settle so- 
berly again. Tes, here I have him moored. Kow, mark 
carefully the vortices, which are so vigorously circling 
aronnd the animal's front, and you will perceive that 
the movement is not a strictly circular one, but that 
each whirlpool has an outlet close to the cilia ; for the 
accumulated and condensed particles of pigment, after 
many rotations, pass off in a united stream between the 
two crowns, and go away horizontally in a line from 
the ventral side of the front. That is to say, each vor- 
tex pours off its accumnlation at a point on the inner 
side of the cihary circle, and the two sh-eams, nniting, 
pass off from the lip of the shell, to be drawn in again, 
howevei', by and by, when the centrifugal force is ex- 
hausted. 

T7ow this stream passes immediately over the month, 

which is an opening in the flesh of the front, forming a 

deep cleft on the ventral side, the lips of which, as also 

the whole interior of the tube of which it is the orifice, 

12 
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arc richly covered with cilia. A certain portion of the 
atoms are thus arrested by these eiha, and are Irarled 
by their Tibrations down this gnlf. Tet not all, nor 
nearly all ; for the lips appear to possess the sense of 
taste, or of some raodification of touch, which enables 
them to refuse or receive the atoms presented to them, 
BO that only such particles pass down the throat as are 
selected for food. Some of the atoms of pigment are 
admitted, and one of the most pleasing sights connected 
■with these animals, is to watch the swallo\?ing of col- 
oured food, its reception into the singular' sunken 
mouth, where the great powerful jaws act upon it ; 
thence its dismissal through the gullet, where certain 
glands pour upon it their secretions into the stomach, 
where other glands, answering to a liver, change it, 
and thence into the intestine and rectum, until its in- 
digestible portion is discharged through the eloacal 
orifice. 

The object of the mingling of colour with the water 
in which these and similar animals are held for obser- 
vation, was the tracing of tJae phenomena of digestion. 
And, indeed, it renders the whole proce^ beautifully 
distinct ; for, from the transparency of the tissues, the 
presence of the coloured pellet is everywhere recognis- 
able, since it retains its fonn and hue imder all its 
changes, clearly revealing to us the shape, dimensions, 
and directions of the various canals thi'ough which it 
passes ; here and there diffusing throughout the vis- 
cus in which it is held a beautiful roseate hue, more 
or less deep, without, however, losing its own definite 
outline. 

Let me now direct your attention to the organs de- 
voted to the seizing and mastication of the food. And 
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the uiore because tlic form of these organs in the IRoti- 
fera is quite pecnliai' — c[mte nnlike what is found in 
any other class of animals, though the parts are essen- 
tially the same as those which we have already seen as 
entering into tlie mouth iu Insects. 

Removing the carmine-stained water, I pnt into the 
]ive-box a drop from a vase very rich in organisms of 
many kinds. Among these 
you SCO very numerous tho 
mnlberry-libe clusters of i 
that beautiful green crea- 
ture, Synerypta volvox, 
which is now pretty gen- 
erally considered a plant, 
though from its sponta- 
neous motion, swimming 
evenly along, revolving on 
its axis as it goes, you 
would be inclined to agreo 
with earlier observers in 
thinking it an animal. 
These appear to be favor- 
ite morsels with tlie Bra- 
chion: one has already 
been devoured, and is 
quite visible in tlie ali- 
mentary canal, its brilliant 
green hue shining out iiitiuui.u-. 

through the translucent viscera and tihsues Otheis are 
approaching, and two or three aie lust no^^ diiwn into 
the vortex of tlie ciliary current It is imufcing to <*t,e 
tlie mancenvi-es which the Brachiomts mil es to take 
his prey. I say ma/imiivres, for theie leaily seem to be 
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perception and intelligence. The mode in which it di- 
rects its ciliated flaps towards the spot where a Sytv- 
crypta is whirling, or suddenly Btretches forwai'd to the 
extent of a long foot, as if it would seize the prey by- 
force, seems to indicate a cognizance of its proximity ; 
as do also, still more, the manner in which it depresses 
the lip-like lobe of the rotatory organ on one side, when 
the prey is in the vortex on that side, and the eager 
haste with which it shrinks down into its shell the in- 
stant the little mnlherry drops at length into the tliroat. 

But now comes the tug of wai' ; the black, mill- 
Btone-like jaws open wide and stretch forward to grasp 
the little victim (which is still distinctly visible through 
the transparent tissues) : they touch the globular envel- 
ope, but cannot quite grasp it. The Bracliion re- 
doubles its efforts ; the jaws gape vigorously, but can 
only scrape the sides of the little globe, which at every 
touch slips away, the expanse of the jaws being not 
quite sufficient to embrace it. 

At last the little animal becomes indignant ; the 
jaws no more endeavour to grasp, hut with a very dis- 
tinct and sudden upward jerk throw out the prey; 
which until now has been retained and pressed down- 
ward by the contraction of the sides of the sensitive 
throat. Strange to see, the little Syncrypta, after all 
its imprisonment and rough handling, is no sooner free 
than it whirls merrily away, revolving as it pursues its 
even ciliary course, just as if no inten-uption of its free- 
dom had occurred. 

lleanwhile, however, better success attends the 
Erachiou's hunting ; for a smaller globe has sunk into 
the throat, and passes with a gulp into the mouth, be- 
tween the gaping jaws, which instantly close upon it, 
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and, working vigorously, bruise it down with a ham- 
mer-like action upon a sort of central tatle. After this 
process has gone on for a few minutes the green mass, 
less perfectly defined tlian tefore, slips through a nar- 
row postern-gate, along a short narrow alley, into the 
digesting stomach. 

But what sort of a mouth is tiiis ? It is inclosed 
within the tissues of the tody, not veiy far from its 
centre, so that no part of it comes into contact witli tte 
external water, or even approaches any part of the sn- 
perficies of tlie body. It has been usual to call the great 
hemispheric bulk in which the symmetiical hammers 
work so vigorously, a gizzard, but it is a true mouth, 
and the hammers are tree jaws. 

This iovm of month is termed a mastOiX / it consists 
of a dense but transparent muscular mass, forming 
three lobes at its lower part, deeply cleft at the front of 
its ventral side where the passage which I have called 
the throat, but which is more con-eetly designated tihe 
buccal ftmnel, enters. Within tliis muscular bulb are 
placed two bent organs like hammers, called maUei, 
and a third central table, called the inoiw. The mallei 
approach each other dorsally, while the incus is placed 
towards the ventral side, its stem pointing obliquely 
away from the centre. 

Each malleus consists of two portions, united by a 
free but powei'ful hinge-joint. The lower joint {mamt- 
Im/u/ni) is shaped somewhat like a shoulder-blade ; and 
the upper joint {wncus) is set on at nearly a right angle 
to it, but is capable of considerable change of direction 
by means of its hinge. It consists of five or six finger- 
like teeth, connected by a thin web of membrane. 

The itiGus also consists of several distinct pieces. 
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T!ie principal or two stout raTni, resting on what ap- 
pears, when you look at the back or belly of the ani- 
mal, to bo a slender foot-stalk (Jvlcrum). But when 
you get a lateral view the foot^atalk is seen to be only 
the edge of a thin plate, to the upper edge of which 
are jointed the rami, in such a manner that they can 
open and close, hke the blades of a pair of shears. 
Each ramus is a thick, three-sided piece, with the upper 
side hollow, and the inner Aat, and in contact with that 
of its fellow, in a state of repose. Tlie uncus of each 
malleus falls into the concavity of its coiTcsponding 
ramus, and is fastened to it by a stout triangular mus- 
cle, which allows some freedom of motion. 

Many muscles are inserted into various parts of 
these organs, and into the walls of the mastax, which 
impart various and complex motions to all the parts. 
Thus, as we have seen, they ai-e 
adapted to the various funcr 
tions of month-organs, those of 
gi'asping, holding, bruising, and 
chewing food. 

The mallei correspond with 
the mandibles of Insects ; and 
the rami of the incus with the 
maxillae ; while tlie walls of 
the mastax with the two edges 
of its orifice correspond with 
the mouth, witli its labrum and labium. 

It is true we are somewhat startled to find a raoutli 
placed far down witliin the cavity of the breast ; but 
there are other forms in tliis class, some of which I may 
be able to show you, where the mastax has essentially 
the same sti'ucture, in which it is placed at the front 
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margin of tlie body, from which the jaws can be freely 
proti'uded. The difficulty will Beem less if you weigh 
the following considerations : — 

The integument in the Botifera is very flexible 
and, especially in the frontal regions, is extremely in- 
vertible. In those genera in ■which the mouth appara- 
tus can be brought into contact with the external water, 
it is ordinarily, to a greater or less degree, retracted 
within tlie body, by the inversion of the Bun-onnding 
parts of the exterior, while, in those genera in which it 
is permanently inclosed, analogy requires us to consider 
the condition as induced by a similar inversion, but of 
permanent duration. If we imagine the head of a soft- 
bodied Insect-larva retracted to a great degree (as is 
done partially by many Dipterous larv^), the skin of the 
tlioracic segments would meet together in front, around 
a purse-like opening, which would be the orifice of such 
a buccal funnel as exists in most MoUfera, In the 
latter, it is the normal condition ; in the formei", it is 
merely accidental and temporary. 

"We need not devote any more minute consideration 
to the digestive apparatus in our httle Brachion, but 
tliere are some otlier points in its structure which are 
■worth noticing. In the central hne of the body, just 
above the mouth, as you see the animal in a dorsal 
view, there is a square speck of a rich crimson hue, the 
edges of which, when we view it under reflected light, 
glitter and sparkle like a precious stone. Bat when 
■we obtain a perfectly lateral view, we perceive that the 
situation of this gem-like speck is considerably nearer 
the dorsal side of the shell than the mouth, and that it 
foTms a wart-shaped prominence on a large turbid mass 
which occupies the whole front portion of the animal. 
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By eomparison of this organ with tho cori'esponding 
parte in other genera, there is evei-j reason to infer that 
this tnrbid masa is an enormons brain, the nervons 
matter being in a very diffnse condition ; and that the 
ruby seated on it is an eye, consisting of a crystalline 
lens, and a layer of cnmson pigment beneath it. 

The oval bodies that you see attached to the hinder 
part of the shell are eggs. Most of the females that 
we meet ■with carry one or more, sometimes to the num- 
ber of sis or seven. The specimen we ai-e examining 
had two at first, one on each side the foot-orifiee ; bnt 
just now a tidrd was excluded — an operation which 
occupied hut an instant — and this toolr its place be- 
sides the former two, so that we now see three. These 
eggs ai-e generally caiTied by the parent until the 
young are hatched. The oldest of these three is nearly 
ready for hatching, and if you watch awhile you will 
see tho birth of the young. At first exclusion, the egg 
which was seen some time before in the ovary, as a 
semi-opaque mass, of well-defined but irregular shape, 
immediately assumes a form perfectly elhptieal, and ils 
coat hardens into a brittle shell. Tliis is so ti-ansparent 
that the whole process of maturation can be watched 
within the shell. The yeUi is at first a turbid mass, in 
which are many minute oil-globules. Soon it divides 
into two masses, then into four, then into eight, sixteen, 
and so on, by the successive cleavage of each division, 
as fast is it is made, till these divisions are very nu- 
merous. Then we begin to see sjiontaneous move- 
ments ; the outline of the yonng separates in parts 
from the wall of its prison, folds arc seen here and 
there, and fitful contractions and turnings take place. 
Soon an undefined spot of red appeal's, which gradually 
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aec[Tiirea depth of tint and a definite form, and we re- 
cognise the eye. Sliglit wares arc seen crossing one 
end of the egg ; tbese 'become more and more vigorous 
and rapid, and at length we see that here is the situa- 
tion of the frontal cilia. The mastax appears, and the 
jawB, and soon the latter hegin to work ; tliough it 
must he only by way of practice, for it is hard to im 
agine what they can yet find to masticate. 

All these phenomena have suece^ively appeared in 
tlie egg we are now watching ; and at this moment 
you see the crystalline little prisoner, writhing and 
turning impatiently within its prison, strivmg to buret 
forth into liberty. 

ITow a cracli:, like a line of light, shoots round one 
end of the egg, and in an instant the anterior third of 
the shell is forced off, and the wheels of the infant 
Braehion are seen rotating as perfectly as if the little 
creature had had a year's practice. Away it glides, 
the very image of its mother, and swims to some dis- 
tance before it easts anchor, beginning an independent 
life. At the moment of the escape of the young, the 
pushed-oft" hd of the egg resumes its place, and the egg 
appears neai'ly whole again, but empty and perfectly 
hyaline, with no evidence of its fracture, except a shght 
interruption of its outline, and a very faint line running 
aeiom. 

This is a female young : the male is totally unlike 
the female, and is very much smallei-. We can always 
tell whether an egg is going to produce male or female 
young, by the great ditference in its size, the female 
being more than twice the bulk of the male egg. All 
of one brood are of the same sex ; we never see a Srach- 
ionus with male and female eggs at the same time. 
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What is very strange, ie, that tlie male has no shell, no 
BpineB, no mouth, no jaws, no stomach, no intestines; 
no ciliary wheels ; its cilia, which are very long and 
powerfnl, being ari'anged in one eu'cle round the whole 
front. Its movements are exceedingly fleet. 

Perhaps you are tired of Brachionus, and arc ready 
to cry out " Ohe I jam satis I " * "Weil, then, I will 
turn liim off and show yon another elegant little crea- 
ture the Wliptail {Mastigoeerca ca/H,natd). I liave 
here in a bottle some stalks of the Water-Horsetail 
{Chwra iml^aris), which I obtained in a pond a few 
weeks ago. These I examine in tliis way. Taking hold 
of the Ohm'a with a pair of pliers, I pull it partially 
out of water, and, allowing it to reet on the neck 
of the bottle, I cut off with a pair of scissors, or with a 
penlojife on my nail, about one-fourth of an inch of the 
tips of three of four leaves, which adhere together by 
their wetness. These tips I place in the live-box with a 
drop of water, and having separated them with a 
needle, I put on the cover, and examine tbem with a 
triple pocket lens ; holding up the box perpendicularly, 
not opposite the light, but obliquely, so that the field 
is dark ; but the light reflected and refracted by the 
animalcules shows them out beautifully white and dis- 
tinct even the minute ones. The foi-ms and some char- 
acters of the middling and larger can be qiiite dis- 
cerned tlius ; for example, the slender tail of the one I 
am now going to show you, I can thus see. The posi- 
tion of any particular individual to be examined being 
thus marked, it is readily put under the object-glass of 
the microscope, I have found these leaves very pro- 

" "Odcor! quite enough of thia I" 
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duetive of the moro stationary animalcules, the Moti- 
f&ra especially. 

It was in this way I this morning found tho pretty 
and delicate little "Whiptail, which I am going to make 
the Eubjeefc of our evening's study. It is inclosed in a 
glassy shell {lorica) of a long oval form, from which 
rises on the front half of the back a thin ridge which 
in the middle has a height nearly eq^ual to half the 
diameter of the body, but tapers off at each end. Its 
base is corragated with wrinkles. This is not set on 
symmetrically, hut leans over considerably to the right 
side. Its basal portion is hollow, and is continuous 
with the general cavity of the shell, for we sometimes 
see portions of the viscera m its mteiioi 




The head of the animal is rounded, and divided 
into several blunt eminences or lobes, which are set 
with ciUa ; these rotate constantly, but irregularly and 
feebly, and do not make manifest wheels, &s Srach/- 
4onws does. A small antenna projects from the back 
of the head, capable of being erected or inclined. A 
long brain descends along the base of the ridge, carry- 
mg a bright and rather large crimson eye set like a wart 
on its interior angle. 

Instead of the flexible and contractile foot of Brack- 
imvus, the Whiptail has a single homy spine of great 
slendemess, and exceeding in length the whole body. 
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This spine probably represents not the foot, but one of 
the toes at the end of the foot. Por it is attached to a 
very short foot, in the midst of two or three bract-like 
spines, one of wliieh, longer than the rest, and distinct- 
ly movable, probably represents the other toe undevel- 
oped. The long spine ia set on by a proper joint, a 
globose bulb being inserted into a socket, which allows 
it free motion, in all directions except backward. The 
socket itaelf is contained in a second joint, the basal 
part of which ia inserted at some distance within the 
aperture of the lorica. This articulation is formed by 
an infolding of the skin, but is permanent in its po- 
sition. 

The most remarkable circumstance connected with 
this elegant little animal is the unusual form of the 
dental apparatus, which differs so immensely from that 
of Braehityn/us, that we should never recognise theni as 
being the same organs, if wo had not numerous inter- 
mediate links, which by insensible gradations connect 
the two remote forms. 

The mAMtme is a somewhat slender sac, much pro- 
duced in length, and with the component lobes greatly 
and irregularly developed. The incus has a fulcrum 
of great length and slendemess, a straight rod with a 
dilated foot. The rarm are small, and pincer-shaped, 
but with the angles greatly produced. The TnaUeiiiiive 
long, slender, incurved rrumubria, and simple und. 

But the remarkable circumstance is the non-sym- 
metrical character of the apparatus. The left side is 
much more developed than the right. The loft angle 
of the Miows descends to a great-er distance than the 
right ; and its extremity is dilated into an expansion, 
with several irregular points, to which muscular threads 
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are attaelied. Tlie Tam/vs also of tlie eame side is 
larger than its fellow ; so with the maUei. The marm- 
iriwm of the right is comparatively short, very slender, 
and of uniform thicknese ; with a long, Blonder, rod- 
like imGus, donbly bent in the middle. The left is 
much longer, irregiilai-ly swollen, clubbed at the artic- 
nlation, and bearing a thick, curved, knotted uncus, 
which terminatee at a point not precisely opposite tlie 
tip of its fellow. These circumstances, combined with 
the unsymraetrical character of the dorsal ridge, of the 
foot-spine, and of some other organs, render this genus 
a highly curious one to the naturalist. 

Ihe little "Whiptail is as lively in its motions as it 
is elegant in its form. "When swimming, it glides with 
considerable swiftness through the water, turning fre- 
quently on its coTii-se, and often partially revolving on 
its long axis. "When inclosed, as is often the case, by 
two fragments of the filamentous Chara, it travels 
along the sides of its inclosure, nibbling, as it goes, 
the floccose and sedimentary deposits on the surfaces 
of the leaves. The long spine-foot is commonly carried 
inertly after it ; when the animal suddenly turns, of 
course the tail is bent at the basal joint, but it is not 
habitually whisked about, as is the tail of SracMonus, 
nor is it so much used as a support or tuiiiing point. 
The animal has the power of so using it, however, and 
of adhering with considerable foi-ce to the glass of the 
box or the side of a phial, by its point. 

"We have hitherto looked at our MoUfera by trans- 
mitted light, and their crystalline transparency rendei's 
them beautiful objects when thus exhibited. Bat wc 
will now look at the Whiptail by the direct light of 
the sun upon it, condensed, but not to a burning point, 
by the bull's-eye lens. 
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It HOW possesses a peculiar beauty of another char- 
acter. The body generally is colourless as a vase of 
glass, but reflects the rays brightly from its polished 
surface. An advancing egg in the ovary is opaque 
white, as is the front part of the mastax ; the stomach 
and intestine filled with vegetable matter are of a 
yellow-green ; the rotating head appears of a pale 
blue, and the eye shines out as a speck of opaque ver- 
milion. 

With the dipping-tube I will now take up a drop 
of watei- from the bottom of the (J'Aai'fi-jar, allowing a 
little of the loose sediment to flow in also. This is a 
random cast ; we know not what we may get, though 
we are pretty siii-e to catch something, jfow then for 
the examination. Ha 1 here is the curious Skeleton 
Wheel-bearer Dhiooharis pooUlum; — nay, several of 
them. 

This genus is remarkable for possessing true joints 
in the foot ; not merely tel^copic inversions of the 
skin, hut permanent articulations witli swollen con- 
dyles, resembling those of the antennge of a beetle. 
Hence the Skeleton has great freedom and precision 
of motion ; using the tips of the long toes as a flxed 
point, it throws its body hither and thither to a great 
distance, with remarkable agility. These joints admit 
of fonvai'd and lateral flexure, hut you never see the 
body brought backward beyond a perpendiciUar po- 
sition, the swelling of the terminal portion of each artic- 
ulation precluding further motion in that direction ; 
just as lie joints of our knees and elbows permit bend- 
ing in one direction but not in the other. 

This is another indication that these divisions are 
true joints ; and I direct your attention to the point. 
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because the fact helps to indicate tliat this class of 
animals has its proper afKnities with the Aeticctlata, 
which has been denied by most naturalists. 




The form is cnrious. Elevated at the eammit of a 
long foot, consisting of three joints, which surmonnt 
two unusually lengthened and slender toes, is a vase- 
shaped lorica, which is three-sided. Its surface is 
covered all over with minute points, very closely set, 
so that it resembles shagreen ; besides which it forms 
numerous sharp ridges, which ran across transversely. 
The two sid^ run off into thin lateral wings, which 
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come to a ahai-p edge ; the "back angle also fonna a 
ridge, but less sharp and thin. In front, the shell, or 
lorica, is as it were cut off abraptly, like tlie rim of a 
goblet, but out of this rises a second column, connected 
with the rim by an elastic membrane, which allows 
some freedom of motion. This column is widely di- 
vided in front and behind, and rises to a point on each 
side. Wien the rotatory front is witlidrawn, these 
points approach and meet, closing the orifice ; but 
when the head ia protruded they are widely separated. 

Internally, we see the usual viscera contained in ao 
narrow a cavity that we are ready to suppose the walls 
of the lorica unusually thick ; this is, however, an 
optical illusion, dependent on its dilatation into those 
angular wings already noticed. The cavity penetrates 
into them ; for in one of these apecimens I see those 
curious convoluted threads that are believed to be con- 
nected with respiration, within the lateral wings. The 
stomachs are generally full of gi-een and brown food, 
but they will not imbibe cai'miiie. 

Let us look, however, a moment longer at the sin- 
gular foot. Between the first and second joints there 
are two projecting spines; these differ much indiffer- 
ent individuals as to their length, slendemess, and di- 
rection ; sometimes being quite short, at others as long 
as the toes ; generally, they arch downwards, but oc- 
casionally they stand out straight, or even curve up- 
wai'ds. In some speeimena these apinea appear to be 
processes of the first joint, but in others we can see dis- 
tinctly that they belong to a little intermediate piece 
between the first and second a^wrent joints. Between 
the two toes, on the hinder aspect, projects fi-om the 
last joint a small spine, which is perhaps the rudiment 
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of a tliird toe, since wo find that number in some genera 
of this class. The whole foot, melading the toes, is 
rough with the ehagreen-lilie points that cover the 
lorica. 

Tou have ah-eady noticed the rapidity and fitful 
irregtdarity which the long and many-jointed foot con- 
fers upon the movements of tliis curions little form. 
From the toe-tips, as a point of adhesion, it throws its 
body to and fro, or from side to side, in a peculiar 
manner. The toes are eometimes sprawled out, like tlie 
legs of an expanded pair of compasses, and sometimes 
the joints of the foot are suddenly bent in zig-zag fash- 
ion, and then as abruptly Btraightened. The animal 
swims gracefnlly, but only with moderate swiftness, 
the rotatory crown of cilia being small tliough fonning 
the usual vortices when the animal is moored ; while 
thus swimming, the toes m's gracefully stretched be- 
hind, neai'ly in contact with each other. It is lively 
in its motions, but these seem performed without any 
ostensible object ; we ,do no* often see it attempt to eat, 
or nibble at any substance. 

I think we never find the Skeleton except among 
the sediment at the bottom of the water in which it is 
kept ; among which also we frec^uently see the remains 
of defunct specimens — the skeleton of the Skeleton ; 
tills itself makes a pretty object: the lorica, with its 
points and ridges, the thoracic column, the foot with its 
joints and spines, and the toes, being perfectly preserved, 
and rendered even more clear than during life, because 
of the removal of all the soft internal parts by decay, 
and by the efforts of those little scavengers, the smaller 
species of infusorial animalcules. These quickly find 
their way into the interior of any dead animal with a 
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sliclly ease, as a "Wheel-bearer, a Water-ilea, or an In- 
sect, and eoon devour every particle of soft flesh, clean- 
ing out the case in the most tidy manner. 

Here is a tiny subject which wiU teat your powers 
of observation, and possibly your patience, in satisfac- 
torily defining its striicture, partly on account of its swift 
motion and iii-egular leaps, and partly on account of its 
extreme transpai'ency. It is a crystalline cup, some- 
what like the body of a wine-glass, without any foot, but 
g; many flat sword-shaped procesaes, which, pro- 
f from the breast, commonly lie flat on each side, 
down tlie body, the points projecting below. These are 
evidently stiff and highly elastic, and their use is mani- 
fest to any one who sees the creature in active motion. 
It swime with a rapid gliding progress, head foremost, 
but at almost every moment it makes a sadden forcible 
jerk or leap backwards or to one side, and that so 
quickly that the eye often cannot follow it in the tran- 
sition. The organs by which these jumps ai'e effected 
arc the long breast-spines, which are suddenly thrown 
out in various directions, and they may frequently be 
seen extended the instant after a leap. "When we con- 
sider tliat the creature is jerked often foui- or five times 
its own length, thi'ough eo dense a fluid, we shall per- 
ceive how strong the muscular action must be which 
moves the lever-like spines. The creature is thrown 
irregularly, often with the side foremost, or the back, 
or made to perform a somersault in the act. It is prob- 
ably a sensitiveness to danger or annoyance that 
prompts these violent leaps ; at least, it frequently 
performs them, after a momentaiy examination of any 
floating matter with which its course brings it into 
contact. 
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The rotatory organs, the BOiirce of the common glid- 
ing motion, are not very large or conspicuous ; the 
cilia appear to be set all along the brow- The eye is 
very noticeable : it is placed near the front and seems 
to be of a deep bltdsh-black hue. 

I have not, however, as yet introdneed the nimble 
little stranger by name. We may call it familiarly the 
Sword-bearer, but Professor Elirenberg h^ named it 
Polyarthra j}latyptera. 

This eminent authority on all that concerns th^e 
minute forms has placed the species among those which 
are destitute of a horny lorica or shell. But he is cer- 
tainly in eiTor here, for, as you may see, there is mani- 
festly a stiff lorica, which covers tlie bact and sides, 
but which gapes widely in the middle of the under 
Bide, throughout its length. Fi'om the lateral points, 
however, a membrane may be seen for a short distance, 
which doubtless protects the viscera from actual ex- 
posm'e. 

The eword-lilic fins appear to be twelve in number, 
arranged in groups, or bundles, of three each ; one 
bundle being set on each side of the dorsal, and one 
on each side of the ventral aspect, at about one fifth of 
the entire length from the frontal points. These are 
all that we can ordinaiily count ; but I have seen 
more : one day, while examining a specimen that 
presented a vertical aspect to me — end-on, to speak 
famihai'ly — the fins being all expanded, I saw with 
perfect distinctness a seventh pair, proceeding from the 
middle of the breast. They are flat, thin, narrow 
blades, of exceeding delicacy ; all distinctly serrated 
on both edges, the teeth poiuting from the base oiit- 
ward ; each is strengtliened by a central rib. They 
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are joiuted independently, on rounded shelly knobs, 
and are doubtless moved by strong mnseles. Under 
pressure, the knobs and the fins are brought out with 
beautiful distinctness. Here again we have trae 
jointed Hmbs. 

On the front you may discern a pair of tiny an- 
tennge, each bearing a pencil of very fine bristles. 
And juat below the level of their base, in tlie centime of 
the dorsal region, you see the large eye, of a deep red 
hue, so deep that it frequently looks as if it were ac- 
tually and intensely black. Just below the eye appar 
rently, but considerably more towards the ventral as- 
pect, there is a huge mastax, occupyuig almost half the 
length of the whole body. The jaws are very simple 
in their consfcraction, and therefore very instructive, 
for they contain the same elements as in Srackiomis ; 
but from their excessive tenuity, and for other reasons 
connected with the form of the animal, they are calcu- 
lated to tax to the utmost your perseverance and skill 
in manipulation to resolve them. They were an enig- 
ma to me for years. 

The gi'eat mastax is pear-shaped, pointing obliquely 
towards the middle of the belly. This fonn is owing 
to the gi-eat length of the fulcrum-, and the wide cur- 
vature of the mallei. The ram/b are very broad, some- 
what square at their base, flat, but mneh arched longi- 
tudinally. They open and shut vigorously, with a 
snapping action, but are not protruded from the front ; 
their whole interior edges come into contact. The 
maUei are simple slender bent rods, apparently without 
distinct articulation. During life they are thick and 
irregular in outline, owing to their being invested with 
dense muscles ; as is the whole upper portion of the 
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mastax. These muscles conceal or disguise the fonn 
and action of the parts during life, but the introduction 
of a di'op of solution of pota^i into the water instantly 
dissolves away the fleshy parts, leaving the solid or- 
gans, or those composed of chitine, beautifully clear, 




and fit for observation. Without this aid it would 
be impossible to resolve the structure of these minute 
animals. 

The little Sword-b earner, like t]ie Srachiomis, carries 
its eggs attached to the hinder part of its body, for 
some time after they are diseliarged ; the minute green 
oval bodies that you see sticking to the side of this 
specimen, are not, however, eggs, but parasitic animal- 
cnles {CiAaGhv/nt, vestaulosv/m), which very frequently 
infest this species, adhering to various points of the 
shell, and even to the eword-fins. 
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"Wliat I iiave now to suljmit for your examination 
is one of the rarest species of the claBs, and certainly 
not the least singular in ita form. It is the Tripod 
Wheel-bearer {AeUn/urus ITeptntmus). When fully ex- 
tended, its length exceeds that of almost every other 
species, for it reaches ahout one-twentieth of an inch, 
hut its extreme thread-like elendemess precludes the 
nnasaisted eye from taMng cognizance of it, as its thick- 
ness, even when greatest, is not more than one six- 
hundredth of an inch. 

Prom this excessive length and tenuity, the appear- 
ance of the creature is veiy remai'kable. It may he 
likened to a cylindrical tube, out of which proti'ude a 
great number of draw-tubes from 
both extremities, principally the 
posterior one. Those in front tei'- 
rainate in an oval proboscis, which 
having a sort of finger at its ex- 
tremity, and two eyes, with an 
antennal tube projecting oblique- 
ly backwards, presents, when 
viewed laterally, a strong resem- 
blance to tlie head of a rabbit, the 
antenna representing the ears. In 
front, and just below this head- 
like proboscis, is a double swell- 
ing, containing the rotatory or- 
gans, which are small and seldom 
unfolded. The eyes are deep black ; probably, as in 
the last example, a red of great intensity. When the 
head is withdrawn, tlie integument is very clearly seen 
to bo introverted. The body consists of one long cylin- 
drical tube, which receives three or four short joints to 
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complete the abdomen ; at tlie dorsal aspect of the ex- 
tremity of the last of these is the cloaca ; at this point 
the diameter is already very much, attenuated ; but 
there aro eight or nine more joints ■which constitute the 
foot, and these are of extreme slendernese. Towards 
the extremity, two processes are given off behind, each 
consisting of a club-shaped piece, with a slender bristle 
at the tip. The foot terminates in three long, slender, 
cylindrical divergent toes, which are flexible, and com- 
monly bent outwai-d ; they are equal in thickne^, and 
tmncate. These ai'e often retracted in various degi-ees, 
even when the foot is otherwise extended. 

Owing to the slendemeas of tlie body, the viscera 
are greatly elongated. The mastax, as usual in thia 
family, consists of two hemispheres (each hearing two 
teeth, set transversely, but converging to the centre) ; 
it is situated at a considerable distance from the wheels, 
and is reached by a long buccal funnel. The digestive 
canal is a long sac, apparently undivided ; it origi- 
nates directly from the mastax, with, I thinh, two smaU 
basal glands ; its posterior extremity becomes grad- 
ually tapered to the cloaca. In the specimen we are 
examining, a small quantity of fjecal matter of a yel- 
lowish-brown colour is collected in two small masses, 
near the extremity. Along the ventral aspect runs 
the ovary, which in this specimen contains two long 
oval eggs in advanced development ; from their trans- 
parent brightness, I suspect the young are produced 
before birth. I think I can detect a contractile blad- 
der, but am not certain. 

The dorsal region of the trunk is marked with 
strong rugged lines running longitudinally ; these look 
like corrugations of the integument, bnt I incline to 
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thinli them Uic strongly developed muscles for tlie re- 
tractation of the foot. Muscles are seen running 
through the joints of the foot, imtil they can no longer 
be traced, from their tenuity. The viscera can be de- 
monstrated with difficulty, partly owing to the longi- 
tudinal muscles, ■wbicb are so strong and close, and 
partly from the incessant contraction and elongation of 
the parte, which drive the internal organs hither and 
thither. It refuses, you see, to swallow carmine, which 
might have assisted us. 

Tliia singular animal ia lively in its motions, espe- 
cially in the protrusion and retractation of the extremi- 
ties. These are constantly alternating, and a very cu- 
rious sight it is to see the immense length of foot sud- 
denly thrust forth from the body, in which it had been 
completely bidden, the starting out of the horizontal 
processes, and the diverging of the long toes as these 
are successively uncovered. The latter do not seem to 
be often used as instruments of prehension or adhesion. 
Indeed the animal does not appear very much given to 
change of place, but lies in the water, alternately con- 
tracting and elongating. Frec^uently, as the foot is 
thrust out, the body is made to bend forward so as to 
form a right angle (see the engraving, in which the ani- 
mal ia thus represented at ffl ; 5 represents it when 
the head is rotating, but the foot is almost wholly with- 
drawn within the body ; in which state the resem- 
blance to a telescope, or to a nest of glass-tubes, is strik- 
ing). 

The last specimen of tliis class of tiny favourites 
that I shall show you, is one of more than ordinaiy 
beauty. It is the Two-lipped Tube-wheel of the Horn- 
wort {LvnmicL8 Geratophylli). Hitherto we have seen 
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such examples as have the power of freely swimming 
from place to place at pleasure ; tut there is a consid- 
erable group, of which this is a member, which are 
permanently stationary, being fixed for life to the leaves 
or stems of the vegetation that grows under water. 
The stiff and spinous whorla of the Hoi'nwort {Oera- 
tophyUwm demersv/ni), that grows commonly in sluggish 
streams and pasture-pools, is a favourite resort of the 
species, but it is not confined to any one plant. Here, 
for instance, it has chosen as the site of its residence 
the much-cleft leaves of the "Water Crowfoot {Bamm- 
cvhia aquoMU^ ; those leaves, I mean, which, growing 
wholly under the water, are divided into a multitude 
of slender finger-like filaments, so different from tliose 
which float on the surface, and which are merely 
notched. 

Ton can readily find the Tube-wheels by the aid of 
a pocket lens, and even with the naked eye when you 
have seen one or two. By holding up this phial, in 
which a little plant of the Crowfoot is growing, and 
searching, with the lens, the window being in front of 
you, the filaments one by one, you will readily per- 
ceive, here and there, little shining objects standing 
up, or projecting in various directions from the surface 
of the leaves. The colony is rather numerous in tliis 
ease, and we shall have no diiEcxilty in selecting our 
specimens. 

On this filament, which I have seized witli the joints 
of a pair of pliere, I can see at least half a dozen of the 
little parasites. This, then, I will nip off from the plant, 
and put it with its tiny population into the live-bQX, 
Here it is, ready for examination. 

Several of the animals are in the field of view ; but 
13 
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■we will loot at one at a time, A long narrow tube, 
slightly widening at tlie inontb, is affixed by the lowGi' 
extremity to the slender filaments of 
water-gi-ass, crowfoot, &c. It is about 
one-fifty-flfth of an inch in length, pellu- 
cid but tinged with brownish yellow. It 
appears to be of a gelatinous texture, and 
is covered with extraneous substances, 
such as decaying animal or vegetable 
matters, which adhere to its sui-face. 
From the mouth of the tube protrudes a 
ti'anspai-ent colourless animal, the head 
of which is rounded, with the exti-eraity 
pursed up. Suddenly it unfolds its 
flower-like wheel, which consists of two 
broad nearly circular lobes united, the 
margin of wliich is set with strong cilia, 
much resembling those of the last species. 
Each cilium appears to be curved, and 
to be thickened at the middle — -the op- 
I'tmF "iiECL Ucal expression of the ciliary wave ; 
md the cflect ot the rotation, as each seems to pursue 
its fellows around the circular course down the divid- 
ing sinuosity, on the opposite sides, and around the 
margin again, is very striking. The cilia at the front 
ai-e inteiTUpted between the lobes. In tlic centre of 
each lobe is a broad plate, surroimded by a bright 
ring, and crossed by radiating lines which also extend 
towards the ciliated margin ; probably these are mus- 
cular filamentfl. The funnel is between the lobes, and 
leads by a short esophagus to a bulbous ti'ansparent 
mastax, in which are seen jaws that work on each 
otlier. Below this is a long capacious sac, witliout con- 
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volutions or eonstrictione, but apparently granular in ita 
texture. The alimentary canal is bent upwards through 
the whole length, terminating in an ori:fiee behind the 
rotatory organ ; for though I have not traced it when 
empty, I have seen the fecaJ. matter driven rapidly up- 
ward as through a canal, until the mass was disci 
just behind the sinuoue cleft. On our mixing c 
with the water the effect is very striking ; the particles, 
whirled round in two circular vortices, are poured in 
an accumulated torrent through the sinuosity, and over 
the elevation at the front of the head. "We presently 
perceive a slender line of crimson passing down below 
the mastax, which indicates a slender stomach-tube 
there ; and, after a while, a httle ball of the same pig- 
ment accumulates and is seen resting a little lower 
down. This then indicates the form and position of 
the stomach ; it must be a very slender canal, termi- 
nating in a small TOunded bag, at about one-third of the 
distance from tlie mastax to tlie base of tlie tube. 




The lengthened sac which you see is the ovaiy, from 
which the eggs are discharged into the lower part of 
the case. 

The moath needs a little explanation in detail. As 
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you see it, you probably diacem little resemblance in 
its pai'ts to tbe same organ in BracJdomis, and yet 
essentially it is formed of the very same constituents ; 
and as it is very instructive to observe the modifica- 
tions, in different animals, of a common model of any 
particular organ, it will be worth while to devote a 
few minutes' careful observation to tliis structure 
before us, especially as it is here seen with more than 
TiBual brilliancy and clearness. 

The mastax, then, which you sec in the eenti-e of 
the animal, just below the level of tlic beautiful 
flowor-like wheels, consists as usual of three sub- 
globose lobes ; one on each side appropriated to each 
malleus, and the third descending towards the ventral 
aspect, which envelops the incus. The mallei are more 
intimately nnited to the rami of the incus than in the 
former type, each uncus forming, with its ramus, a 
well-defined mass of muscle, enclosing the solid parte, 
and in form approaching the quadrature of a globe ; 
two flat faces opposing and working on each other. 
Across the upper surface of the mass tbo uncus is 
stretched, as tliree long parallel fingers arched in their 
common direction, and imbedded in the muscular sub- 
stance; their points just reaching the opposing face of 
tbe ramus, and meeting the points of the opposite uncus, 
when closed. The manubrium is much disguised, by 
being greatly dilated transversely, forming three bow- 
like loops of little solidity, to the .chord of which the 
fingers are soldered, not artioulated. The surface of 
tbe dense muscular mass displays stri^ pai-allel to 
tlio fingers, and, as it were, continuing tlicir number 
towards their dorsal extremity, becoming fainter till 
they are imperceptible. These sti-ise do not disappear 
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when the musculai' parts arc dissolved by potaali ; 
and hence I infer the existence of a delicate investi- 
ture of solid substance similar to that of the teeth, &c.j 
enclosing the muscular mass. 

The incus, which cannot to separated from the 
mallei, thus consists of two poi'tions, corresponding 
to the rami in Srachionus, &c., each of which forms 
tho lower part of the quadrantic mass just described. 
At the ventral exti-emity they arc ai-ticulated to a 
slender fulcrum, which is a little bent downward. 
The solid framework of each ramus sends off, from its 
inferior surface, a slender carved process, which is 
connected with tho extremity of the fulcrum. 

The action of this apparatus is as follows: — The 
ciliary vortices produced by the waves of the coronal 
disk, pass together through tho upper sinus, and are 
hurled in one stream along the centre of the face, 
nearly to the projecting chin. Hero is placed tho 
orifice of the buccal funnel, a perpendicularly descend- 
ing tube of considerable width, slightly funnel-shaped 
at the top, the interior surface of which is sti'ongly 
ciliated. It descends straight upon the mastas, over 
the part where the unci unite. But just above this 
point there are two valves projecting from the walls 
of the tube, also well ciliated. These can be brought 
into contact, or separated in various degrees, at will, 
and being very sensitive, they regulate the force of 
the inflowing euiTent, and doubtless exclude hurtful 
or useless substances. The current now flows along 
the two rami of tho incus, as I have akeady described ; 
and, passing between their separated points, descends 
into the cesophagus, a slender duct opening beneath 
them, and leading to the digesting stomach. 
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As thia cun-ent pasees, the manducatory apparatus 
acte upon the particles of food ■which it brinirs in its 
course. The q^uadrantic niasaes approacli each other 
and recede, with a rapid rolling movement, in the 
direction of tlie cnrvature of liie mallei ; while, at the 
same time, the rami of the incus open and close their 
points, rise and sinlt, and occasionally perform a kind 
of shoveling action. The points of the fingers of the 
unci, meeting each other, donbtlesa pierce and tear the 
Infusoria swallowed, and the striated faces of the 
quadrsntie ma^es tmise, squeeze, and grind them 
down. 

When the mnsculai- invGstitnro is dissolved away 
by potash, the essential identity of the whole strnctiii'o 
with that of the type already described, becomes 
abundantly evident. Even the mallei, which in some 
^pects present difficulty, when viewed vertically, are 
but little changed ; the fingers are parallel instead of 
divergent, and the handle-like character of the manu- 
brium is lost; but three areas, encloaed by loopa or 
carinte of solid substance, reveal their ti'ue nature. 

We will now see if we can separate the animal 
from its tube, so as to examine its lower parte. By 
a gentle pressure upon the bottom of the tube with 
the edge of a penknife, which I bring to bear upon it 
by the aid of this simple microscope, the creature is 
induced to wriggle out of bis case. Replacing now 
the cover of the live-box, and placing it again on the 
stage of the oompound microscope, we see that the 
lower part of the body forms a foot analogous to tliat 
of a Sraehionus, covered with ring-like wrinkles, and 
separated from the body by an abrupt coiwti'iction and 
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diminution of tlie dianiefer. At tlie very extreniity 
there is a sort of sncking-dist, by which we may pre- 
sume tlie hold of the animal upon the plant is main- 
tained. No organic connexion subsists between the 
foot and the tube ; for tlie latter is not an essential 
part of the animal, though absurdly called a lorica 
by Ehrcnbei-g, but only an accnmulation of mucus 
successively exuded &om the body, and thrown off in 
the form which it possesses by tho conti-actiona and 
other movements of the body. 

But see ! the poor naked creature is writhing in 
contortions, which become more and more convulsive 
and spasmodic : and now it evinces great rigidity in 
these, till the body has become almost shapeless, por- 
tions of the surface being here and there violently 
forced out into projections, and the foot strongly curled 
up. The only signs of life that now remain are the 
occasional fitful workings of tlie jaws. Are we then 
to suppose that the shelter of the gelatinous case is 
needful to its continued existence, or did I inflict a 
mortal injuiy upon it when I laid the edge of my pen- 
knife upon its lower part to drive it forth? Most 
probably the latter is tlie tnie solution. 

Out of tho colony that remains, we will now select 
another specimen, with ripening eggs, in order to 
watch the development of the young. Here is one 
with three eggs lying obliquely in the tube, one of 
which is ah'eady showing the impatient movements 
of the embryo witliin. Ha I now the egg-shell has 
burst, and the little creature escapes from its prison, 
and quickly makes its way to the mouth of the pai-ent- 
tube. Wow it is free, and swims away rapidly, in a 
giddy headlong manner. It is quite unlike its mother; 
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for its form is trampetrshaped, resembling that of a 
St&ntor with a wreath of ciHa around the head, inter- 
rupted at two opposite points: the central portion of 
the head liscs into a low cone. There is as yet no 
trace of the beautiful doublc-potalled flower. 

It has been whirling giddily about the live-box for 
about a (quarter of an hour, but now it begins to 
manifest tokens of wearinesB; or rather the time is 
approaching for it to select a place of pei-manent 
sedentary abode. Its motion is sensibly retarded; it 
now and then adheres to the glass momentarily, by 
its foot, and moves foi-ward by successive jerks, not 
proceeding more than its own length at a time, and 
this apparently with effort. The periods of its i-emain- 
ing stationary become longer, so that you may suppose 
it finally settled two or three times, before its wander- 
ings are quite over, some shock or alai'm sending it off 
to a little distance again. 

At length it wandere no more ; its foot holds fast 
to the glass, and its movements ai'e confined to whirl- 
ings round and rovmd on this as a pivot, and to sudden 
contractions of length. Presently we see a very deli- 
cate film BUiTOUiiding the point of attachment ;— the 
first rudiment of the tube, a i-ing of mucus thrown off 
from the skin, and pressed down to the foot by the 
contractions of the body. Meanwhile, tlie ciliary 
crown is dividing itself into two, and now we see 
ah-eady the essential form and appearance of the 
matnre animal, every moment developing its perfec- 
tion. 
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Ah examination of the diverse modes in whicli loco- 
motion is performed among animals, and the various 
organs and modifications of organs that Bnbaerve this 
important purpose, would form no nninteresting chap- 
ter in natural history. You have two feet, your dog 
has four ; in tlie bird, two of these are converted into 
wings, with whicli it i-ises into the air ; in the fish all 
of them are hecomc fins, with which it strikes the water. 
But it is in the invertebrate classes that wo discover the 
strongest variations. The Ponlpe " flops" awkwai-dly 
but vigorously along, by the alternate contractions and 
expansions of the web that unites its arms ; the Snail 
glides evenly over the herbage by means of its muscu- 
lar disk; tlie Scallop leaps about by puii's of water 
di'ivcn from its appressed lips ; the Lobstei" shoots sev- 
eral yards in a second by the blow of its tail upon the 
water ; the Gossamer Spider floats among the clouds 
upon a balloon that it has spun from its own body ; the 
Centipede winds slowly along upon a hundred paii-s of 
feet ; the Beetle dai-ts like an arrow upon three ; and 
the Butterfly sails on the atmosphere with those painted 
fans which are properly " aerial gills." How elegantly 
does the Planwria swim by the undulation of its thin 
body, and the Med/iisa by the pumping' forth of tlie 
water held within its umbrella ! How wondrously does 
13* 
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tlic Echmus glide along the side of the tank on its hun- 
dreds of siicking-diske ! How boautifal, and at tlie 
same time how effective, are the ciliaiy wheels of the 
Braohionus. 

I am now going to show ybii some other examples 
of ti'avellirig machinery in an humble and despised, but 
far from Tininteresting clasa of animals,— the Woi-ms. 
Eero is an Earth-worm upon the garden-border. With 
what rapidity it winds along, and now it pokes ite sharp 
nose into the gi'ound, and now it has disappeared ! If 
your eye could follow it, you would see that it makes 
its way through the compact earth not less easily nor 
less rapily than it wound along the surface. If you 
take it into your hand, you perceive no feet, wings, fins, 
or limbs of any kind ; only this long cylinder of soft 
flesh, divided into numerous successive rings, and taper- 
ing to each extremity. The veiy snout which you saw 
■enter so easily into the substance of the soil, is no hai'd 
bony point, but formed of tlie same soft yielding flesh 
as the other parts. And yet with no other implement 
does the httle worm penetrate whithersoever it will 
through the ground. How does it effect this % 

The fineness of the point to which the jnnazle can 
be drawn is the first essential. This can be so atten- 
uated that the grains of adherent soil can readily bo 
separated by it, when its action is that of the wedge. 
The body being drawn into the crevice thus made, the 
particles are separated still farther. Kow another pro- 
vision comes in ; the whole surface of the skin secretes 
and throws off a cLuantity of tenacious mucna or slime, 
as yon will immediately perceive if you handle the 
"Worm ; this has the double efl'ect of causing the p 
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pai-tieles of soil to adhere togetlier, and then to form a 
cylindrical wall, of wliich they ai'e the bricks, and the 
elime the moi-tar ; and also of greasing, as it were, the 
whole interior of the hurrow or passage thus made, so 
that tlie "Worm can travel to and fro in it withoiit im- 
pediment; -^.hile the fact that the sHme is coiltiiiHally 
poiu'cd forth afresh prevents the least atom of earth from 
adhering to its body. This you have doubtless ob- 
served, or may observe in a moment, if yon will take 
the trouble to tlrnist a spade into the ground and give 
it two or tliree shakes. You will presently see on all 
sides the alarmed Earth-worms coming swiftly to tlie 
surface, and will notice how perfectly sleek and clean 
they are. 

But these contrivances are only accessories : we 
have not yet discovered the secret of the easy move- 
ment. The mere elongation of the snoiit is no explana- 
tion of the disappeai-ance of tlie "Worm in the bmTow; 
for you will naturally and reasonably say that this 
elongation cannot extend beyond a certain limit ; and 
what then ? No further progress can be made unless 
the hindor parts of the body are, by contt'action, drawn 
up towards the elongated front ; — but what holds the 
front in place meanwhile ? Why, when the mnscles 
contract, does not the taper, wedge-like muzzle slip 
back and lose tlie ground it had gained? 

This we will now look at. I take up this Worm 
and put it in a naiTow glass celi, where wo may watch 
its movements. It presently begins to elongate and 
conti-act its body vigorously, apparently alarmed at its 
unwonted position ; and the miicue is thrown off in co- 
pious abimdance. We apply a low microscopic power 
to it, and catch glimpses, now and again, as it writhes 
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about, of a nnmber of tiny points protruded and re- 
ti'acted witli rliytlimical symmetry tivi'ough tlie eldn. 
Its mobility precludes our discerning much more than 
that these points are very numerous, that they are ar- 
ranged in four longitudinal lines, running along tlie 
ventral side of the animal — two lines on each side — 
and that in each line there is a point protruded from 
each of the many rings of which the Worm's body is 
made up. 

In order to seo a little more of these organs we muet 
sacrifice a "Worm ; having killed it, and divided the 
body in the middle, I cut off, with sharp scissors, a 
small ti^ansveree portion, say two or three rings, and 
press the fragment between plates of glass. Now, with 
a higher magnifying power, we discern in the midst of 
the translucent flesli the points in question. They are 
not, however, single ; but each protmsile organ coneists 
of a pair of transparent, brittle, glassy rods, shaped like 
an italic f, of which the recmwed points are directed 
backwards when thrust out from the skin. 

The mode in which these assist the progression of 
tlie Worm is well described by Professor Eymer Jones. 
"The attenuated rings in the neighbourhood of the mouth 
are i&rst insinuated between the particles of tlie earth, 
which, from their conical shape, they penetrate like a 
sharp wedge ; in this position they are firmly retained 
by the numerous recurved spines appended to the dif- 
ferent segments ; the hinder pai'fs of the body are tlien 
drawn forward by a longitudinal conti'action of the 
whole animal — a movement which not only prepares 
the creature for advancing further into the soil, but by 
; out the anterior segments forcibly dilates the 
ige into which the liead had been already thrust : 
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the spines upon the liinder rings then take a firm hold 
upon the sides of the hole thus formed; and, preventing 
any retrograde movement, the head is again forced for- 
ward through the yielding mould ; so that, by a repeti- 
tion of the process, the animal is able to advance with 
tlie gi-eatesfc apparent ease through substances ■which it 
would at first seem utterly impossible for so helpless a 
being to penetrate." * 

Implements analogous to these are found in most 
of the animals of the class Annelida, to which the 
Eai-th-worm belongs. But in, this creature you see 
them in their simplest form : it is to the aquatic 
Worms that you must look if you wish to see the amaz- 
ing diversity, complexity, and delicacy of these organs. 
In these there are one or two pairs of " feet" ou each 
ring, consisting of wart-like prominences, which are 
perforate and protruailc, and through the middle of 
which work a number of bristles {setce), arranged in a 
radiating pencil, something like the hairs of a paint- 
brush. In this transparent and colourless little ISTais 
from fresh water', you may see their foi-m and arrange- 
ment ; in complexity they present an advance upon 
the Eai-th-w6rm, for here there 
are some seven or eight bris- 
tles in each pencil, which radi- 
ate in the same plane, and are 
graduated in length ; tlaey are 
very slender, bent at the tip, 
and as transparent as if drawn 
out of spun glass. It is inter- 
esting to observe with what hghtning-Jike rapidity they 

• Gen. Outline, p. 302. 
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are thrast out and witlidrawn in constant succession, as 
the body is ever lengthening and shortening. 

Let us exchange this little freshwater Worm for a 
marine one. Here is a Polynoe, a curious gennB, very 
eommon under stones at low water on our rocky shores. 
It is remarkable on several accounts. All down the 
back we dieeoYer a set of oval or kidney-shaped 
plates, which are called the back-shields {dorsol ^i/r<£) ; 
tliese are flat, and are planted upon the back by little 
footstalks, set on near the margin of the under surface ; 
they are arranged in two rows, overlapping each other 
at the edge. These kidney-shaped shields, which can be 
detached with slight violence, are studded over with 
little transparent oval bodies, set on short foot^alks, 
which are perhaps delicate organs of touch. The inter- 
mediate antennse, the tentacles, and the cn^rri, or fila- 
ments of the feet, are similarly fringed with these little 
appendages, which resemble the glands of certain 
plants, and have a most singular appearance. If we 
remove the shields, we discover, on each side of the 
body, a row of wart-like feet, from each of which pro- 
ject two bundles of spines of exquisite structure. The 
bundles, expanding on all sides, resemble so many 
sheaves of wheat, or you may more appropriately fancy 
you behold the armoury of some belligerent eoarfairy, 
with stacks of arms enough to accoutre a numerous 
host. But if you look closely at the weapons them- 
selves, they rather resemble those which we are accus- 
tomed to wonder at in missionary museums — the arms 
of some ingenious but barbarous people from the South 
Sea Islands — ^than such as are used in civilised warfare. 
Here are long lances, made like scythe-blades, set on a 
staff with a hook at the tip, as if to capture the fleeing 
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foe and luiiip hiiii within reach of the blade. Among 
them are othcia of bimilar shape, but with the edge cut 
into delicate slaiiting notches, -which run along the 
sidea of the blade like those on the edge of our reaping- 
hooks. The&c aie chiefly the weapons of the lower 
bvmdle ; those of the upper are etill more imposing. 
The. outmost are short curved cluhs, ai-med with a 
row of sharh's teeth to make them more fatal ; these 
surrotmd a cluster of spears, the long heads of which 
are furnished with a double row of the same appen- 
dage, and lengthened seymitars, the curved edges of 
which are cut into teeth like a saw. Though a stranger 
might think I had drawn copiously on my fancy for 
this description, I am sure, with your eye upon what is 
on the stage of the nucroseope at this moment, you 
will acknowledge that the resemblances arc not at all 
forced or unnatural. To add to the effect, imagine that 
all these weapons are forged out of the clearest glass 
instead of steel ; that the larger bundles may contain 
about fifty, and the smaller half as many, each ; that 
there are four bundles on every segment, and that the 
body is composed of twenty-five such segments, aiid 
you will have a tolerable idea of the garniture and arma- 
ture of this little "Worm, that grubs about in the mud 
at low-water mai'k. 

Should it ever be your fortune to fall in with a 
species of Sea-mouse [Aphrodite hystrw) which inhabits 
our southern coast a little way from the shore, you 
may be delighted and surprised with a modification 
of these organs, which exhibits a more than ordinarily 
obvious amount of creative forethought and sldll. I 
will describe them in the words of the learned his- 
torians of these animals, MM. Audouin and Milne-Ed- 
wards : — 
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"The feet are divided into two vciy distinct 
branches, the lower of which ia large, conical, of a 
yellowish-brown hue, and mnch shagreened on the sur- 
face. The upper branch is much less salient than the 
lower. Wo observe at the foot of the dorsal shields 
two bundles of rigid bristles : the one, expanded like a 
fan and applied upon the shields, is fixed immediately 
outside the insertion of those organs; the bristles which 
compose it ai'e awl-shaped, without teeth, slightly 
curved, and directed inwards and backwards ; their 
colour is a clear brown, with golden reflections. The 
second bundle is inacrted more extemaJly, on a tuber- 
culous footstalk, and points horizontally backwards 
and outwards. The bristles which enter into its com- 
position are very long, very strong, and terminated by 
a lance-shaped point, of which the edges are garnished 
with teeth curved backwards towards the base. These 
are veritable barbed arrows, having the extremities 
sometimes exposed, but often concealed in a sheath 
which is formed of two homy pieces, capable of open- 
ing and of closing again upon them. 

" The use of these two valves it is not difficult to 
detect. They protect the points of the arrow, and per- 
mit the Aphrodite to receive them again into its body 
unharmed ; whereas, without this precaution, the tis- 
sues which they traverse would be cut and mangled. 
But when these weapons are deeply plunged into a 
foreign body, as into the soft flesh of those animals 
which annoy the Worm, since the sheath does not pene- 
trate with them but folds back, it follows that then- 
teeth are inserted without any protection, and that on 
account of their backward direction they can ho with- 
drawn only with great difficulty ; thus, in most cases, 
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the dai't becomes broken ; but tbe animal is furaished 
with so great a nniaber, that these losses are scarcely 
felt, and there remain to it amply siifEicient for its de- 
fence in all eontingences," * 

Tou will liave noticed that the learned French zool- 
ogists seriously countenance the notion that these ex- 
quisitely elaborated organs are weapons of offence. 
But in this I think they ai'e in error, misled by tbe 
resemblance, already alluded to, whicb they bear to 
weapons of human construction. The nianner in which 
they act as implements of locomotion has been beauti- 
fully demonstrated by Dr. Williams in tbe Nereidous 
Worms, of which he observes that in nearly all species 
the feet are constructed with express reference to pro- 
gression on solid smfaces. In many instances, the 
bristle is compound, consisting of a staff with a vari- 
ously armed point or blade jointed to its extremity. 
" Viewed by the bght of mechanical principles, nothing 
can be so obvious as the reason why the setm in these, 
as in nearly all other Anndida., are jointed. If they 
consisted of rigid, unbending levers, it is manifest that 
they would prove most awkward additions to the sides 
of tbe animals ; if fixed too deeply in the surrounding 
soil, they would not act at all as level's ; if too super- 
ficially, the Worm would be compressed in its tube at 
tbe moment when the setcB of the opposite feet would 
meet in a straight line. These difficulties are effectually 
and skilfully obviated by the introduction of a joint or 
a point of motion on each seta. This is one instance 
among many which the eye of the mechanician would 
detect on tbe organization of the Annelida in which 

* Litt. de la France, ii. 'II. 



I ..Google 



Sub EVEHINGS AT THE MICEOSOOPE. 

Nature takes adroit advantage of ineclianical principles 
in the attainment of her ends." * 

Look now, in illustration of these principle, at the 
hristle-feet of this beautiful green PkyllodoGe. !No 
douht you have often seen it in the little hollows of our 
rocky ledges, and especially on beds o£ yoniig mussels, 
and probably you have admired the elegant ease with 
whieh its lithe and tortuous body writhes and winds, 
like a hit of green silken eord, in and out among the 
compactly crowded shells. Yon have wondered, too, at 
the difficulty whieh attends the attempt to take it up, 
not on account of the rapidity of its motions, hnt be- " 
cause of tlie extreme alenderuess and slipperiness of the 
eubject, and of the power which it possesses of insinu- 
ating itself into the smallest crevice. 

The foot in this genus ht« but a single branch, and 
a single pencil of bristles, which is placed between the 
flat swimming leaf that ornaments each segment and 
the lower cirrus. The bristles are of the compound 
jointed form, but the joint is fixed in a peculiar manner. 
Tlie basal portion is drawn out into a very slender long 
straight shaft, terminating in a knob somewhat rcsem- 
bhng the end of a limb-bone. This is slit in one direc- 
tion to receive the terminal piece, which is shaped 
somewhat like a lance-head, and is inserted into the slit 
exactly as a knife-blade is fixed info the haft. The 
head is in feet a knife-blade, with a thickened back and 
a very thin edge, which is notched into teeth of the 
most exquisite delicacy. The blade is slightly curved, 
and drawn out into a long acute point ; and the whole 
bristle is formed out of an elastic homy substance (prob- 

• Hep. on Brit. Aiinelidtc, 211. 
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ably ehitine) that rivals in transpai'ency and brilliancy 
the purest flint-glass. 

I miglit adduce a vast Variety of examples of these 
organs in the Mai'inc Worms, all of which would charm 
yon by their elegance and by their extreme diversity ; 
but I have other things to show you in this interesting 
class of animals, which fortunately are so couamou on all 
onr shores, that you will have no difficulty in procur- 
ing plenty of specimens for your private observation 
and study. And if you need intelligent guidance, yon 
cannot have a better mentor than Dr. WilliamB, whose 
admirable " Eeport on the British Annelida " I have 
just cited. 

Eefore we dismiss oiu- little Phyllodoce to its home 
in the aquarium, we must try to get a sight of its 
pretty mouth. The Worms are somewhat wayward in 
displaying this part of their charms, sometimes expos- 
ing it at intervals of a second or two for very many 
times in succession, at othei-s sullenly Iceeping it 
closed ; and jio efforts that I am aware of on our part 
will induce the display ; we must await their pleasure. 
It is, in fact, a turning of the thi'oat inside out. In 
most of the "Woi-ms the head is minute, and what seems 
to he the mouth is hut the orifice from which the throat 
or proboscis is everted. In the PhyUodoaes this organ 
is a great muscular sac, in some species equalling in 
length one-fourth of the whole hody. 

Ha \ there it appears 1 What a chasm yawns in 
tiie under side of the head, as the interior begins rap- 
idly to protrude, tarniug inside out as it comes forth, 
like a living stocking, until it assumes the forni of an 
enormous {compa/fotmely enormous, of course) pear- 
shaped bag, the surface of which is beset with a multi- 
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tude of eeereting warts or glands, somewliat like tlie 
papilla wliicli etud the tongue in 'higher animals 1 
The extremity, which is perforated, is suiTounded by a 
iimscle, by means of which it eonti'aets forcibly on 
whatever it is applied to, and thus holds it firmly, while 
the re-inversion of the sac drags it into the body to be 



Bnt tliis hngo proboscis disappears as rapidly and 
as ■wonderfnlly as it was revealed. Commencing at 
what is now the onter extremity, which is quickly 
turned in, the whole swiftly returns to its cavity in the 
inverse order to that hi which it was extended ; and 
now that it is all cngidphed, we maiTel that so vast a 
sac can bo packed away in so slender a case. 

In this infcaance the armatm-e of the proboscis is 
feeble ; but we have species which are very elaborately 
armed. There is a minute species of Lontbrinerds, 
which commonly appears in our aquaria after they have 
been some time established, and breeds in vast numbers 
on the floccose matter that clogs the bottom and sides. 
In this tiny Worm there is a formidable an-ay of jaws, 
resembling black hooka, which we may discern through 
their pellucid tissues, snapping and cutting viciously 
like so many pairs of hooked scissors. Though I have 
often bad this Httle species in my tanks in copious 
abundance, I regret to say I cannot find any at this 
moment for our examination, and shall thei-efore content 
myself with translating for you MM. Audouin and 
Milne-Edwards' description of the jaws as they appear 
in a closely-allied form, bnt of far gi-eater dimensions, 



" The proboscis is not very protmsile ; when it is 
withdrawn its external orifice is longitudinal, and the 
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jaws are fixed on each side, all facing the medial line. 
When it is projected, however, the two margina of 
the longitudinal cleft teeomc- transverse in separating, 
and the jaws follow the same moTement, and diverge 
in the ratio of theii' forwai-dness. A kind of lower lip 
which is affixed to the under Bide of the prohoscis, is 
composed of two homy blades nnited towards their 
front extremity, and prolonged behind into points. 
The jaws are to the numb er of seven; three on the 
right and four on the left ; the two upper ones are per- 
fectly alilre, and mutnally opposed ; they ai-e large, 
iiari'ow, pointed recurved hook-wise at the tip, and 
jointed at their hinder ends on a double horay stem 
shorter than themselves. The second pair of jaws are 
large, broad and flat, mutually aldce, and jointed on the 
lower side of the first pair ; . . . their internal edge is 
straight and cut into deep teeth. The third pair are 
small, tliin. concave, and notched ; they are affixed by 
their inferior edge outside and in front of the second 
pair, which they conceal during repose. Finally, the 
supernumerary jaw, which is found on the left side 
only, IS small, semi-eu-eular, toothed, and placed be- 
tween the second and third pairs. All theae pieces are 
surpassed by the margin of the proboscis, which is 
often hard and black." * 

From this complex and formidable mouth we wiU 
pass to one of quite another form, not less effective, 
perhaps more formidable, but ordained by the goodness 
of God to be a most valuable agent in the relief of hu- 
man suifering. I mean the Medicinal Leocli, of which 
we can readily procure a specimen from cm' friend the 
apothecary. 

* Litt. de la France, ii. 13S. 
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Heie it 1 Theie lo no protrusile proboscia, buttlie 
throat IS spicione and capable of being everted to a 
slight degiee The ftont border of the mouth is en- 
laiged so is to foim i soit of upper lip, and this com- 
bines with the wiinkled muacular margin of the lower 
and lateial poitions to form the sucker. With the dis- 
seetm^ bci«eois I '*lit d wn the ventral margin of the 
sneker, exposing the whole 
tbioit. Then, tbe edges 
I being folded back, we see 
implanted in the walls on 
the dorsal region of tlie 
canity tliree white emi- 
nences of a caiiallaginons 
texture, which i-ise to a 
TUKOiT OP LEicn LAID OPEK shsip cresceutic cdgG J they 
form a triangular, or lathei i tiiradiate figure. 

l^ow, if you recollect, tbib is the figure of the cut 
made in tho fiesh viheiu^ei a Leech has sucked, as it ia 
of the scar which remains after the wound has healed. 
For these three little eminences are the implements wit.li 
which the animal, impelled by its blood-sucking in- 
stincts, effects its purpose. But to nnderstand the ac- 
tion more perfectly, we must use higher powei-s. 

I dissect out of the flesh, then, one of the white 
points, say the middle one, and laying it in water in 
the compressorium, flatten the drop, but nse no more 
pressure than just enough for that. Now I apply a 
power of 160 diameters, and we will look at it in suc- 
cession. Ton have under your eye a sub-pellucid mass, 
of an irregular oval figure, and of fibrous texture, one 
side of which is thinned away appai'ently to a keen 
edge of a somewhat semi-circular outline. But along 
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this edge, and as it were imbedded into it for about 
one-third of their length, are set between seventy and 
eighty crystalline points, of highly refractive substance, 
resembling glass. These points gradually decrease in 
Mze towards one end of the series, and at lengtlx cease, 
leaving a portion of the cutting edge toothless. At the 
end where they are largest, they are nearly close to- 
gether, but at length are separated by spaces eCLual to 
their own tbiekness. The manner in which they are 
inserted closely resembles, in this aspect, the im- 
plantation, of the teeth in the jaw of a dolphin or croco- 
dile. 

But this appearance is illusory. By afSxing the 
little jaw to the revolving needle, we bring the edge to 
face our eye. It is not an edge at all ; but a narrow 
parallel-sided margin of considerable breadth. And 
Hie teeth are not conical ipoints, as they seemed when 
we viewed them sidewise, but flat triangular plates, 
with a deep notch in. their lower edge. Thus they 
partly embrace, and are partly inserted in, the margin 
of the jaw. 

Observe now liow beautifully this apparatus sub- 
serves the purpose for which 
it is intended. By means ot 
its sucker, the Leech creates 
a vacuum upon a certain pirt 
of the skin, exactly lilie that 
produced by a cupping-glass 
The skin covered is drawn m- 
to the hollow so far as to ren 
der it quite tense, by tlie ww or leecii (m pa o 

pressure of the surrounding air Tlius it is biou^ht 
into contact with the edges of the three jaws, to which, 
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by means of powerful muscles attached to tliem, a see- 
saw motion is communicated, -wliieh causes the little 
teeth soon to cut through the skin and snpei-ficial ves- 
sels, from which the hlood begins to flow. The issue 
of the vital fluid is then promoted by the pressure 
around, and so goes on until the enormous stomach of 
the Leech is distended to repletion. 

It has been suggested that this whole contrivance, 
■with the instinct by which it is accompanied, is in- 
tended for the benefit of Man, and not of the Leech. 
Blood seems to he hy no moans the natural food of tlie 
Leech ; it has been ascertained to remain in the stomach 
for a whole twelvemonth without being digested, yet 
remaining fluid and BOimd during the entire period : 
■wliile, ordinarily, such a substance cannot in one in- 
stance oiit of a thousand be swallowed by the animal 
in a state of nature. "WTiether this be so or not — 
■whether man's relief under suffering were the sole ob- 
ject designed, or not, it was eertauily one object ; and 
we may well be thankful to the mercy of God, who 
has ordained comfort through so stfange an instrumen- 
tality. 

The progress of marine natural history, as studied 
in the aquarium, has made our drawing-rooms and 
halls familiar with a multitude of curious and beautiful 
creatures which a few yeare ago were known only, and 
that very imperfectly, to the learned professors of tech- 
nical science. Among the forms which embellish oiu' 
tanks are several species of Serpula, and Worms allied 
to it. The shelly contorted tube which this painted Sea- 
worm inhabite, and which it has built up itself ai-ound 
its own body, with stone and cement which that body 
supplied, is well known to you ; as is also the curious 
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conical stopper witli whicli it closes up its bottle as with 
cork, when safe at home, and the lovely crown of gor- 
geoTialy coloui-ed fans which it expands when it takes 
(" the mr" I was ahoxit to say, bat rather) the water. 
You are familiar, too, with the lightning-like rapidity 
with which, while in health and vigotir, the S&rpula, 
on the slightest alarm, retreats into his foi-trees, taking 
care to clap the door to after liini. But pei'haps you 
have never had an opportunity of examining the 
mechanism by which this rapid flight is effected. 

As there are two distinct movements performed by 
the "Worm — ^the slow and cautious and gradual pro- 
trusion, and tlie sudden and swift reti'eat — so there 
are two distinct sets of organs by which they are per- 
formed. Shall I eaei-ifice one from this fine group to 
demonstrate the mechanism ? Well, then, I eai'efully 
break the shelly tube, and extract the "Worm unin- 
jured. 

Its form is, you pereeive, much shorter and more 
dumpy than you would have supposed from looking 
at the tube; and it is somewhat flattened, having 
a back- and a belly-side. On the former there is a 
sort of shield, the sides of which hear wart-like feet, 
— about seven pairs in all — which ai'e perforated for 
the working of protmsOe pencils of bristles, similar in 
structure and in fnnction to those which we lately ex- 
ajuhied. 

Here is one of the pencils extracted. To the naked 
eye it is a yellowish body with a satiny lustre ; and 
this effect depends upon the light being reflected from 
a number of nearly parallel lines — the staves of the 
spear-like bristles, which the eye cannot resolve in 
detail. A drop of the caustic solution of potash 
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cleanses the tundle from the fleshy matter which would 
othei-wise obscure the vision, and now I place it on the 
stage. 

With this power of 400 diameters yon see a multi- 
tude— some twenty or tliirty, or more — of very long, 
slender, straiglit rods, of a clear yellowish homy sub- 
stance, set side by side, like a sheaf of spears in an 
armory. Each one merges, at its uppei- end, into a 
sort of blade, which is slightly bent, and which tapers 




f fine pomt Cut its chief peculiarity 
is that the blade has a double edge, not like a two- 
edged &w ord, the edges set on opposite faces, but on 
the same tice, set side by side, with a groove between 
them , and each edge is cut n itli the most delicate and 
close-set teeth, the lines of which pass back upon the 
blade, as in our i-eaping-hooks. 

These pencils of spear-like bristles are the organs 
by which the proti'usion of the animal is performed. 
!Iheir action is manifestly that of pushing against the 
walls of the interior, which on close examination are 
seen to be lined with a dcHcato membrane, exuded 
from the animal's skin. The opposite feet of one seg- 
ment protrude the pencils of bristles, one on each side, 
the, acute points and teeth of which penetrate and ■ 
catch in the lining membrane ; the segments behind 
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tliia are now drawn up close, and extend their b 
these catch in like manner ; then an elongating move- 
ment takes place ; the pencils of the anterior segments 
being now retracted, they yield to the movement and 
are pnshed forward, while the others ai'e held firm by 
the resistance of their holding bristles ; thus gradually 
the foreparts of the animal are exposed. 

But this gradual process would iU suit the necessity 
of a creatnre so sensitive to alarm, when it wishes to 
retreat. We have already seen how, with the ilcetu(«a 
of a thought, its beautiful crown of scarlet plumes dis- 
appears within its stony fastness : let us now look at 
the apparatus which effects this movement. 

If you look again at this Serptda recently extracted, 
you will find, with a lens, a pale yellow line running 
along the upper surface of each foot, transversely to 
the length of the body. This is the border of an ex- 
cessively delicate membrane ; and on placing it under 
a highei- power (say 600 diameters), you will he aston- 
ished at the elaborate provision here made for pre- 
hension. This yellow line, which cannot be appreciated 
by the unassisted eye, is a muscular ribbon over which 
stand up edgewise a multitude of what I will call 
combs, or rather sub-triangular plates. These have a 
wide base ; and the apex of the tiiangle is cui-ved over 
into an abrupt hook, and tiien this is cut into a number 
(from four to six) of shai'p and long teeth. Tlie plates 
stand side by side parallel to each other, along the 
whole length of the ribbon, and there are muscular 
fibres seen affixed to the basal side of each plate, which 
doubtless give it independent motion. I have counted 
136 plates on one ribbon ; there are two ribbons on 
each thoracic segment, and there are seven such seg- 
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nients : — henco "wc may compute the total number of 
preliensile eomb-lite plates on this portion of the body 
to be about one thousand nine hundred, each of which 
is wielded by muscles at the will of the animal ; while, 
as each plate carries on an average five teetli, there are 
nearly ten thousand teeth hooked into tlie lining mem- 
brane of the cell, when the animal chooses to descend. 
Even this, however, is very far short of the total num- 
ber, because long ribbons of hooks of a similar struc- 
ture, but of smaller dimensions nm across the abdo- 
minal segments, which are muclt more nimierous than 
the thoracic. No wonder, with so many muscles 
wielding so many grappling hooks, that tlie retreat is 
so rapidly effected ! 
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OIIAPTEjR XVI. 

iCHINS AND SEA-CUCUMEEKS. 



Pkekimg about amorg the rocks to-day at low-tide, I 
tbund, on turruDg over a large stone, an object iivliicli, 
though familiar enough to those who are conversant 
with the eea and its treasures, would surprise a curious 
observer fresh from the fields of "Warwickshire. It is 
a ball, perfectly circular, and nearly globular-— only 
that its under part is a little flattened — ^hard and shelly 
in its exterior, which is however densely clothed wilii 
a forest of shelly spines, each one of which has a limit- 
ed amount of mobility on its base. On attempting to 
remove it, I find that it adheres to the stone with some 
firmness, and that on the exercise of suflicient force, it 
comes away with a feeling as if sometliiug were torn, 
and I find tliat a multitude of little fleshy points are 
left on the stone. Having dropped my prize into a 
glass collecting-jar of sea-water, I presently see that it 
is slowly mai'ching up the side, sprawling out on every 
side a multitude of transparent hands, with which it 
seems to feel its way, and which are evidently feet 
also, for on these it crawls along at its own tortoise- 
pace. And I now see that it is the knobbed ends of 
some of these feet which were torn away by ray forci- 
ble act of ejectment, and left clinging to the stone. 

It was not the first time that I had seen the Sea- 
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m-chin {Echinua miliaris ) ; and I might have passed 
it ty -with a feeling of satiated ctiriosity, bad I not re- 
collected our evening's amueement. Oil, ho! said I, 
what a fund of microscopic entertainment is inclosed 
in this stono box ! So I bronght it home, and now pro- 
duce it as the text of our convei-sazione. 

Eveiy part is a wonder; but we must examine 
each in order. Take the spines first. 

Aa wo examine these oi'gans on tlie animal crawl- 
ing at ease over the bottom of a saucer of sea-water, 
nsing this triple lense, we see that each is a taper pil- 
lar, i-ounded at the summit, and swelling at the base, 
where it seems to be inserted into a fleshy pedestal, on 
which it freely moves, bending down in all directions, 
and describing a circle with its point, of which the 
base is the centre. Each epine is for the greater por- 
tion of its length of a delicate peargreen hue, but the 
terminal part is of a fine lilac or pale purple. The 
whole surface appears to be fluted, like an Ionic 
column, but this is an illusion, as you will see pres- 
ently. , 

I now de[ach one of tlie spines, cutting it off with 
fine-pointed scissors as near the base as I can reach. I 
put it, with as little delay as possible, into the live-box, 
and examine it with a high power, say 600 diame- 
tei-s. Look at it. You see tlie ciliaiy currents very 
distinctly ; and if you move the stage so as to bring 
the basal portion into view, yon may discern even the 
cilia themselves, very numerous and short, quivering 
with a rapid movement. The currents are not longi- 
tudinal, but transvei-se, and somewhat peculiar. The 
floating atoms which come within their vortex ai-e 
drawn in at right angles to the axis of the spine, and 
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are presently hurled away in tlie same plane ; forming 
a circle, wlioae plane is pei-pendiciilar to tlie direction 
of the spine. The surface upon which these cilia are 
set is a transparent gelatinous skin, of extreme tenuity, 
stretched tightly over the solid portion, which it com- 
pletely covers, and studded with jninnte oval orange- 
Coloured grains. 

The Buhstance of which the spines are composed is 
hest seen by crushing a few of these organs into frag- 
ments. We now see a texture beantifully delicate; 
they a:-e formed of calcareous substance as transparent 
as glass, and reflecting the light like that material ; 
hard but very brittle ; clear and solid, with a fibrous 
appeai'ance in some parts, hut in others excavated 
into innumerable smooth rounded cavities which join 
each other in all possible ways. It is to this structure 
that the spine owes its strength, its lightness, and its 
brittlen^E. 

This ari'angement of the ealcai'eous deposit in a sort 
of glass full of mimite inter-communicating hollows, is 
very peculiar, but it is invariably foiind in the solid 
pai'ts of this cla^ of animals ; so that the expenenced 
naturalist, on being presented with the minutest frag- 
ment of solid substance, would, by testing it with his 
microscope, be able at once to afSmi with certainty, 
whether it had belonged to an ^^cMnoderm or not. 
And this uniformity obtains in all the divers forms 
which the animals assume, and in all the various 
organs which are strengthened by calcareous deposits 
— Crinoid, Brittle-star, IJ'ive-finger, Urcliin, Sea-gher- 
kin, or Synapta ; — ray, plate, spine, sucker-disk, lan- 
tern, pedicellaria, dumb-bell, wheel, or skin-anchor — 
whenever we find calcareous matter, we invariably 
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find it 1 1 on ey- combed, and eroded, 33 it were, in this 
remarltable fashion. 

Dr. Cai-pentcr has described this texture so well, 
that I shall not apologise for quoting his ■words to you, 
especially as you will have an opportunity here of 
testing their correctness, by pei-sonal observation. "It 
is," lie remarks, " in tlie stmctnre of that calcareous 
skeleton, which probably exists, under some form or 
other, in every member of this class, that the micro- 
scopist finds most to interest him. This attains its 
highest development in the EaMnida, in which it 
forms a box-like shell, or ' test,' composed of numerous 
polygonal plates jointed to eacli other with great ex- 
actness, and beset on its external surface with ' spines,' 
which may have the fonn of prickles of no gi-eat 
length, or rtiay be stout, club-shaped bodies, or, again, 
may be very long and slender rods. The intimate 
structure of the shell is eveiywhere tlie same ; for it 
is composed of a network, which consists of carbonate 
of lime, with a very small quantity of animal matter 
as a basis, and which extends in every direction (^. e. 
in thickness, as well ae in length and breadth), its 
areolfe or interspaces freely communicating with each 
other. These ' areolse,' and the solid sti'ucture which 
surrounds them, may bear an extremely variable pro- 
portion one to the other ; so that, in two masses of 
equal size, the one or the other may greatly predom- 
inate ; and the texture may have either a remarkable 
lightness and porosity, if the network be a very open 
one, or may possess a considerable degree of compact- 
ness if the solid portion be strengthened. Generally 
speaking, the different layers of this network, which 
are connected together by pillare that pass from one 
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to the other in a direction perpendicular to their plane, 
are so arranged that the perforations in one aball cor- 
respond to the intermediate solid structure in the next, 
and their transparency is such, that when we are ex- 
amining a section thin enough to contain two or three 
ench layere, it ie easy, by properly 'focussing' the 
microscope, to bring either one of them into distinct 
view. Prom this very simple but very beautiful ar- 
rangement, it cornea to pass that the plates of which 
the entire ' test ' is made np, possess a veiy considera- 
able degree of strength, notwithstanding that their 
porousness is eucli, that if a portion of a fractured edge, 
or any other part from which the investing membrane 
has been removed, be laid upon fluid of almost any 
description, this will be rapidly sucked up into its 
substance," * 

To retuni, however, to our spine. When we look 
at it laterally, tlie appearance is such tliat we cannot 
but firmly believe, that it is grooved thi'ougliout with 
straight and deep longitudinal fun'ows. But if we 
break off the same spine trans vcraely, and so exhibit 
it that the broken end shall be presented, to the eye, 
we perceive that there are no grooves; but that the 
points in the circumference, wliich seemed to be tlio 
summits of Hie ridges, which are very naiTow, are 
really lower than the intermediate spaces, which- we 
supposed to be the grooves, and that the surface of 
these spaces is really convex in a slight degi-ee. 

The explanation of these contradictory appearances 
is easily given. Meanwhile, however, they read an 
important lesson to the inexperienced mici'oscopist, 
not to decide too hastily on the chai'acter of a surface 

* The Microscope, p. SBS. 
14* 
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or a structure, from ooo aspect merely. So many are 
the chances of illusion, that the student should always 
seek to view his subject in different aspects, atid under 
varying conditions of light, position, &c. 

It is by making a thin transverse seetion of a spine 
— cutting off a slice of it, to speak in homely phrase — 
that we eliall deraonsti-ate the structure, which is 
very beautiful. This is an operation requiring much 
delicacy and practice, and implements for the special 
purpose; and hence it is best performed by profes- 
sional persons, who prepai'e microscopic objects for 
sale. You may see such a section, however, on tliis 
slide ; but I do not know whether the spine belongs to 
the species we ai-e examining. 

The whole centi'al portion is formed of the sponge- 
like calcareous matter, which, from the variously 
reflected and refracted rays of light, appears nearly 
opaqiie, and of a bluish colour by transmitted light. 
This structure sends forth radiating points {mailing 
longitudinal ridges, of coui-se, in the perfect spine;) 
and it is the opacity of these points (or ridges) which 
reach the circumference, tliat gives to the spine tlie 
appearance of being fluted. Indeed it would bo fluted 
if this were the entire structure ; but tlie open space 
left between these projecting radii is filled with the 
solid glassy matter, having, as we see, a convex sur- 
face. This, however, from its perfect transparency, 
is not seen when we look at the side of the spine, the 
eye going down to the bottom of the interepace.. The 
spine is, in fact, a fluted column of spongy glass, with 
the grooves filled with solid glass. 

We have uot yet seen, however, the beautiful 
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meclianism appropriated to the movement, of thesis 
spines. You can hardly see tliis 
to advantage in the living j 
mal, but here is the entiie tJielly 
box of a dead £oMmts, on ii hich, 
■while for the most part the sui 
face is dennded of spine=i, i fev, 
dozen remain siiffieiently attiched 
to show what I -wish to demon 
strate, viz., the mode of irtieitla 
tion. Yon observe that the whole 
globose shell is covered with tiny 
knobs, differing in size, and not 
set in very regular, or at least not 
very obvious order, bnt showing 
a tendency to run in lines fro 

globe. Giving attention to one of the larger of these 
knobs, under a lens it is seen to be a hemispherical 
eminence on the shell, the very summit of which is 
crowned by a tiny nipple of polished whiteness, re- 
sembling ivory. "Now if we carefully lift one of the 
still remaining spines from its attachment, which in its 
present dried state is so fragile that the slightest touch 
is sufficient for the purpose, we shall note that its base 
rests on this tiny nipple ; and on tuming it up, and 
bringing the magnifying power to bear upon its base, 
we see that this is excavated with a hollow, whose di- 
mensions exactly correspond with those of the nipple. 
It is indeed a ti'ue " ball and socket " joint, like that 
of the human hip or shoulder, and is suiTounded by a 
capsular ligament to beep it in place, the muscles 
which sway the spine from side to side and cause it to 
rotate, being inserted outside the capsule. Professor 
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Edwai'd Foi'bes calculates that upon a large Echinus, 
Bucli as tills dried specimen of E. sphiwa, tliere are 
more'tlian four thousand spines, every one of which 
has the structure, the niechaniani, and the movements 
that we have been examining. Well may he say, that 
" truly the tikill of the Great Architect of ^Nature is 
not less displayed in the construction of a Sea-urchin 
than in the building up of a world ! " 

To return now to our little E. miliaris, which has 
been all this time coursing round and round hie saucer, 
wondering, perchance, at the naiTowness and shallow- 
ness of the White Sea in which he finds himself. Again 
we peer, lens to eye, over tlie bristling surface, and dis- 
cera, shooting up amidst the spines, and almost as 
thickly crowded as they, multitudes of the tiny organs 
which liavo caused so much doubt and discu^ion 
among naturalists. Miiller, the great maiine zoologist 
of Denmark, who first discovered them, thought them 
parasitic animals, living piratically upon the iinwiiling 
Urchin, and accordingly gave them geuei-ic and specific 
names. The term PediceUai'ia, which he assigned to 
his supposed genus, is that by which modern naturalists 
have agreeil to call them still, though the word is not 
now used in a generic sense, since it is indubitably 
established that they are not independent animals, but 
essential parts of tins Urchin itself. Miillei- described 
thj'co distinct sorts, and I have added a fourth to the 
number ; they are named E. trij<7iylla, tridens, globi- 
fera, and atereophylla. Tiiey all agi"ee in these particu- 
lare : — that each has a long, slender, cylindrical, 
fleshy stem, through the centre of which runs an axis 
or rod of calcareous substance ; that the base of the 
stem rests on tho stin of the Urchin ; that on the sum- 
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mit is placed a liead consisting of three pieces, which 
ai-e capable of being widely opened and of being closed 
together, at least at their tips ; that the edges of these 
pieces, which come into mutual contact, are furnished 
with teeth, which lock into each other; that the head- 
pieces (lilie the stem) consist of calcai'eous centres, 
clothed witli flesh ; that, besides the opening and shut- 
ting of the head, the stem can be swayed from side to 
side ; and that all these movements are spontaneous, 
and apparently voluntary. It appeal's that tlie head- 
pieces close on any object presented to them, such as 
the point of a needle, and hold with considerable force 
and tenacity, so that the Pedicellofria may he drawn 
out of the water without relaxing its grasp. 

Looking at one of the first-named bind, tlie Pedicel- 
laria triphyUa, of this £^cMntts mUdaris, we see that it 
consists of three broad and thick sub-triangular pieces, 
jointed into a head, set on a thicMsh stem of transpar- 
ent gelatinous fibrous substance, through which a slen- 
der core of calcareous matter runs that looks fibrous 
and blue. The three movable pieces or blades are con- 
vex externally, concave intei^nally; thin in substance, 
furnished along tlieir opposing oi c nci\o sides w th 
two longitudinal ndges or keels each ot «hich is cut 
into the most beautifully fine teeth, &c thit the edge of 
each ridge looks like a shark's tooth , the edges of the 
pieces are also similarly toothed those slmt \ reciselj 
into each other. 

In the larger M sphmra, the head-blades of this kind 
have one stout central ridge, which is rounded and 
not toothed. It forma the front of a great interior 
cavity, which opens by two orifices on each side of the 
column. 
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The movable pieces iaelose a skeleton of ealcareoua 
substance, glassy, coloiu'less, and brittle, in whieli, ac- 
cording to the plan I have already described, are ex- 
cavated a mnltitnde of oval cavities which form iiTegn- 
lar rows ; a central line mns down each piece, that is 
solid and free from cavities. This calcareous skeleton 
is encased in a gelatinous flesh, similar to and continu- 
ous with that of the stalk. 

This is the smallest kind, the head being about 
jj th of an inch in height. 

Consider ible mudificatiouB are found to exist in the 
details of each toini, in the lelitive proportions which 
the parte bear to each other, and so 
forth , so that two forms, which iu 
their extieme conditions widely dif- 
fei mutually ipproach, and appear 
to run into eith other. This is the 
cise with tlie present, and with tlie 
foiin which I ■« ill now show you. 
P i) tdeiis is much larger than 

Iau) of the otlier forms, the movable 
held being about jVtIi of an inch in 
1 length ind the whole organ about 

■Jth of an inch This may be con- 
^ sideied as essentially P. triphylla, 
\ modified h\ the blades being greatly 
: ' diiwn out m length, and at tlie same 
time rendered quite slender, so that 
they may be called pins ; they meet 
only at tlie points, where they often 
"^" "'sBta&m""""' cross, the interspaces of the basal 
parts being open. The inner edges of these are notched 
with teeth as in P. triphylla, of which those near the 
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tips are larger and cut into sulDordinate teeth of exqui- 
site minuteness. 

We have here an opportunity of seeing that tlie oval, 
or square markings, which are thickly placed through- 
out the calcai'eous substance of the blades, are certaiply 
cavities in it ; for in those examples in which the pins, 
which are very brittle, wo broken, the edge of the frac- 
ture 13 not even, but jagged witli holes exactly corre- 
sponding with tlio marks in question ; so that the stnic- 
ture is the same as that of tlie spines and of all tlie 
other solid parts of the Urchin. 

We will now examine some specimens of J*, pndens, 
treated with potash, which will enable us to see the cal- 
careous support better. The head-blades expand at the 
base into three-sided prisms or pyramids, each of the 
two interior sides of which is indented with a large 
cavity, leaving a projecting dividing ridge, armed with 
teeth somewhat remote from each other. The one ex- 
terior angle is toothed in a corresponding maimer, but 
the opposite angle appears plain. The angle of one 
blade-baae fits into the cavity of its neighbour ; and, so 
far as I have observed, when the two edges thus over- 
lap, it is the toothed one that is on the outside. Look- 
ing from the circumference towards the centi-e of the 
head, it is the left angle that is toothed and extei-nal, 
,the right being plain and sheathed. This observation, 
however, applies only to E. imUa/rts ; for, in the cor- 
responding organs of K sp/icera, both sides of the trig- 
onal bf^e appear untoothed, except close to the bot- 
tom, where a deep notch indents each margin. 

Viewed from beneath, the head assumes an outJuie 
which is rondo-triangular ; but yet such that each side 
of the ti'iangle has a very obtuse projecting angle in 
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the middle, where the blade-bases meet each other. 
They fit accuratGly, and each has a deep oblong cavity 
in its bottom, which does not, as I conceiye, commxini- 
cate with the interior. 

By selecting one of these heads, which lias been 
divested of its fieshy parts by immersion in caustic 
potash, and then well cleansed by soaking in clean 
water, and placing it under a low power of the micro- 
scope — 100 diameters, for example — with a dark ground, 
and the light of the lamp cast strongly upon it by 
means of the Lieberhuhn, or the side-condenser, we 
shall have an object of most exquisite beauty. The 
material has all the transparency and sparkling bril- 
liance of flint-glass, while the elegantly-shaped pins, 
the perfect symmetry of the prismatic bases, the arch 
which is hghtly thrown across then* cavity, the minute 
teeth of the tips locking accurately into each other, 
and the oval cavities in the whole structure set in reg- 
ular rows, and reflecting the light from thousands of 
points, eonstitnto a spectacle which cannot fail to elicit 
your admiration. 

P. gldbif&ra is fonned on the same model as I*. 
tripk»/Uc/','but is more globose, and each piece appears 
to have a deep cleft at the point, which does not ex- 
tend to the interior side, where a thick ridge runs 
down &om the point to the base. At the siunmifc of 
this ridge, in each of the three divisions, there is set 
a strong acute spine, directly horizontally inwards, so 
that the thi'ee cross each other when the blades close, 
which they do energetically — a formidable apparatus 
of prehension I The stem is much more slender than 
in S*. tTvphyUa, and the height of the head of one of 
average size is only 5'^d of an inch. It is peculiar also 
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in being slender tlirougliout, and in having the knobhed 
calcareous etalis: extending up to the head, which ap- 
peal's to work on it. In each of the other sorte the 
stalk extends only through a part of the distance, above 
which the investing fleshy neck becomes wider and 
empty. 

But the intei-nal structure is not quite the same as 
in the others. The main portion of the head is com- 
posed of gelatinous flesh ; the calcareous support being 
reduced to that ridge which runs up the interior side 
of the blade. This is somewhat bottle-shaped, with a 
bulbous base, and a long slender neck, with two edges 
on the inner face, which are armed with horizontal 
hooked spines, some of which are double, and the whole 
terminate in a sort of ring, fonned by the last pair of 
spines, which unite into the acute horizontal point that 
I have already mentioned. The skeleton is filled with 
oval cavities lilie that of the others. 

The fourth kind of PedAc^a/ria, which I call _P. 
stm-eophylla, is quite distinct from eithei' of the others. 
It is very minute, the head being only ^ J^th of an inch 
in height. The head is a prolate solid spheroid, cut 
into three segments, exactly as if an orango wore di- 
vided by three perpendicular incisions meeting at the 
centre. Thus the blades meet accurately in every part 
when closed, but expand to a horizontal condition. 
These are almost entirely calcareous, being invested 
but thinly with the gelatinous flesh. They are filled 
with the usual oval cavities, set in sub-parallel arched 
series. 

The head is set on a hollow gelatinous neck nearly 
as wide as itself, and tlirown into numerous annular 
wrinkles ; its walk are comparatively thin, disclosing a 
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wide cavity apparently quite empty, as the hlne cal- 
cai-eoua stem extends only lialf-way from the base to the 
head. At this point the nect contracts rather abiiiptly, 
and continues to the base, but just wide enough to in- 
vest the stem. 

This sort is confined, so far as I have seen, to the 
ovarian plates and their vicinity, where they are nu- 



Thus these tiny organs, so totally unlike anything 
with which we may parallel them in other classes of 
animals, do not merely afford us amusement, and de- 
light us by their elegance of shape and sparkling 
beauty, the variety and singularity of their forms, the 
elaborateness of their structure and the prefeetion of 
their mechanism, but excite our mai'vel as to what can 
be the object which they subserve in the economy of the 
creatm-e— what purpose can be fulfilled by so many 
hundreds of organs so singular, and scattered over the 
whole surface of the shelly body. 

It is very difficult to answer this question. The 
only organs with which they can be compared are the 
singular " birds' heads" in so many of the Polyzoa, 
which we looked at some time ago. But, unfortu- 
nately, a like mystery enshrouds the use of tliose pro- 
cesses, and the only light that we have as yet upon 
either form is that of dim conjectm'e. It has been sup- 
posed that, in both cases, the function of the prehensile 
forceps is to seize minute animalcules or floating atoms 
of food, and pass them to the mouth : but the supposi- 
tion is involved in great difficulties ; as the organs, 
however fitted for prehension, seem peculiarly unsuited 
for transmitting objects ; besides tliat the great majority 
of them are placed veiy remote from the mouth. I can 
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only repeat the conjecture wMeh I have liazarded in 
the case of the Polyzoan " birds' heads," viz., that the 
PediceUarim are iuteiided to seize minute animals, and 
to hold them till they die and decompose, as baits to 
attract cloiida of Infusoria, which, multiplying in the 
vieintiy of tlie Urchin, may afford it an abundant sup- 
ply of food. 

There is yet another series of organs which stretch 
out from every pai-t of the peripheiy of this living box ; 
scarcely less mimerotis than either the spines or Pedi- 
edla/rice, but veiy different from both. They are what 
I alluded to just now as the feet. Let us pay a mo- 
ment's attention to their appearance and action, before 
we examine their structure. 

"We see, then, extending from various points of tbe 
shelly case of the Urchin, and reaching to twice or 
thrice the length of the longest spines, slender peilncid 
tubes, slightly tapering towards their free extremity, 
which then abruptly dilates into a hemispherical knob, 
with a flat end. These very delicate organs are ex- 
tended or conti-acted at the will of the animal, turned 
in every direction, waved hither and thitlier and evi- 
dently have the faculty of adhering veiy firmly by 
their dilated tips to any object to which they are ap- 
plied. 

So much we can discern as we watch the creature 
disporting in tliis vessel of water ; but we will now en- 
deavour to learn a little more about its structure and 
economy. Selecting for this purpose a sucher which is 
extended to great length, I snip it across with a pair of 
sharp scissors, as near the base as I can. Hark the re- 
sult. The terminal knob which was attached to the 
bottom of the saucer maintains its hold ; but the tube 
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has suddenly shrunk up to a aixUi part of its fonnei- 
length, exchanging at the same time its smooth elender- 
ness and transiucency for 
, a eori'iigatcd semi-opa- 
city. I push the knob 
aside with a needle's 
^ point and tlius destroy 

its adhesion; which done, 
I take up the severed and 
^^ shrunken sucker, and lay. 

't^**B •" ^^ it in a little sea-water in 

^■' iiii ** the live-hox. 

BurKEB OF FTcm-i TJuder a power of 180 

diaraeteib we %ee that the tube is composed of two 
sejies of musculai fibies, the one set running length- 
wise, the othei transversely or annularly ; the former 
by their contraction diminishing the length of the tube, 
the lattei dimmishmg its calibre. The muscular walla 
are coveied with atiausparent skin, studded with round 
orange -colon red spots, perhaps glandular, exactly simi- 
lar to those we saw on the ex- 
terior of the spines and Pedicelr 
laria. 

Now, to illustrate the action 
of these tubular feet, I must 
again have recourse to the de- 
nuded shell of a preserved 
Echinus. Taking this globose 
empty box into your hand, hold 
it up against tlie light, looking 
POKES OB FHcura. jj^ ^j. ^j^g laTgc orifice, which 

was once occupied by the mouth ; — you see that t}ie 
whole shell is piereed with minute holes — spores, which 
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are arranged in ten longitudinal or meridional lines, as- 
sociated 80 as to make five pairs of lines. Now, with a 
lensj scrutinize more minutely a portion of any one of 
these lines, and you discern that it is composed of a 
multitude of pores, which have a peculiai' order of ar- 
rangement amoDg themselves ; that is to say, tliey form 
minor rows which cross, ohliqnely or diagonally, the 
courBS of the meridional line. These rows are them- 
selves double, the pores running in pairs, not however 
/With mathematical symmetry. In this species, there 
are three pairs of pores in each row, and so there are in 
tlie one which I have here alive, hut in other of our 
native species the rows consist of five pairs. 

These pores are intimately connected with the tuhu- 
lar feet, each of which springs from a portion of the 
shell that is perforated with a pair of pores ; bo that 
the cavity of eveiy tuhe communicates with the interior 
of the shelly box by two orifices. 

Now on the interior side of these two pores — that 
is, within the cavity of the shell — there is placed a 
little membranous, or rather muscular, bladder, filled 
with a fluid which is not materially different from sea- 
water. There is a free communication between the 
bladder within and the tube mthout the shell, by means 
of the pair of pores through which the fluid passes. 
By means of the muscular fibres, which are under the 
control of the trrehin'& will, any portion of this double 
vessel can be contracted to a certain extent. Suppose 
it is the interior bladder ; the effect of the contraction 
of its walls is to diminish its capacity, and the con- 
tained fluid is forced through the pores into the tube 
without. The longitudinal fibres of this part being at 
the same moment relaxed, the tube is lengthened be- 
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cause of the injected water. Suppose, now, in turn, 
the fibres of tlic tube contract, while those of the blad- 
der relax ; the fluid is driven back, the bladder dilates, 
and the tube shortens, until, if the animal so please, its 
swollen tip ie brought close up to flic pores. By me- 
chanism BO beautiful and simple is the prolongation or 
abbreviation of these organs effected. 

We noticed, however, that the extremities of the 
tubes had an adhesive power, which faculty it is tliat 
constitutes them feet. They are prehensile, and thus 
they afford, as we observed in the living Urehin, the 
means by which it takes hold of even a smooth and 
vertical surface, as the side of a glass tank, aiid drags 
up its body thereby. 

Putting, now, the extremity of this cutoff tube 
under gi-aduated pressui'e, having first applied to it a 
drop of caustic potash, we see that it carries a beauti- 
ful glassy plate of extreme thinneee, which lies free in 
the swollen cavity of the termination of the tube. This 
plate is circular in form, apparently notched at the 
margin, and cut with four or five (for tlie number varies) 
incisions, which reach almost to the centre. The sub- 
stance is formed of the common clear brittle ealeareous 
matter of the skeleton, hollowed into numberless cav- 
ities, accordmg to the general plan. The centre is per- 
forated with a larger round orifice. The appearance of 
marginal notching is deceptive ; and indicates a stnie- 
ture analogous to what we see in the spine. Tlie 
notched line indicates the extent of the spongy struc- 
ture ; but beyond this the plate extends into a pei'fectly 
circular smooth edge, but is constituted of a layer of 
calcareous substance so thin that there is no room for 
Hie ordinaiy cavities within it. 
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The rocnd aperture in the centre plays an important 
part in the function of the organ. The foot adlieres on 
the same principle as that by which children take up 
large flat stones with a piece of 
wetted leather, to the middle of 
which a string is attached. The 
toy drops liia sucker on the 
stone, and treads firmly on it, to 
bring it into close contact with 
the surface ; then lie pulls at the 
string perpendicularly, by which 
the central part of the leather is 
lifted alifctle way froni the stone, 
leaving a vacuum there ; since the contact of the edges 
witii the stone is so perfect that no air can find entrance 
between them. Now the pressure of the atmosphere 
upon the leather is so gi'cat that a considerable weight, 
perhaps half-a-dozen pounds, may be lifted by the string 
before the union yields. 

Well, the very counterpart of this amusing opera- 
tion is repeated by the clever " Urchin" whose per- 
fo]Tnances we are considering. The tube is his string ; 
tliG dilated end with the plate in it, his leather ; his 
mnscular power acta like the other urchin's tread, to 
press the bottom of the sucker against the surface of 
tlie rock. Then he pulls the string ; in other words, 
he drags inwards the centre of the muscular bottom of 
the sucker, which is, as it were, sucked up into the cen- 
tral orifice of the plate. Thus a vacuum is formed 
beneath the middle of the sneker, on which the weight 
of the incumbent water and atmosphere united presses 
with a force far more than sufficient to resist the 
weight of his body, when he drags upon it, and, as it 
were, warps hiinseffiip to tlie adhering point. 
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Here ia in my cabinet a specimen of a Sea-nrehin 
of a less regular foi-m : it is the Heart-TTrcliin {Anv- 
phidotus cordatus). Essentially, its structnre agrees 
witli that of tlie more globular fonns, but it is lieart- 
sLaped, and the two oriUces, instead of being at oppo- 
site poles, ai-e separated only by about one third of the 
eireumferenee. It shows also singular impressed marlra 
on its shell, as if made by a seal on a plastic sub ■ 
stance. 

But what I chiefly wish to direct your attention to 
are the spines. These differ much from the kindred 
organs in Chirms, being far more numerousj very 
slender, curved, thickening towards the tip, and lying 
down upon the shell in the manner of hair, whence the 
species is sometimes called the Hairy Sea-egg. The 
array of epines has a glittering sUky appearance in this 
dried state. 

"We will now put a few of them under a low power 
of the microscope, using reflected light and a dark 
background. They thus present a very beautiful ap- 
pearance ; elegantly-foitned curved clubs, made of a 
substance which seems to be between glass and ivory, 
having the whiteness of the latter and the glittering 
brilliance of the former. The entire surface appears to 
be exquisitely carved with excessively minute oval pits, 
airanged in close-set lines, with the most charming re- 
gularity. It is the light reflected from the polished 
bottoms of these pits that imparts to the surface its 
sparkling briUianey. At the bottom of the spine Hiere 
is a little depression, which fits a tiny nipple on a wart- 
like prominence of the shell, as we saw in Echinus y 
but a little way above this point there is a singular 
projection or shoulder of the calcareous substance, 
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whicli is set on at a veiy oblique angle witli the .ixia 
of the spine, reminding one, as wo look at the spine 
laterally, of Uie tudding tines on the horn of a young 
deer. 

At iiret, perhaps, you are at a loss to know what 
purpose this shoulder can serve ; but by turning to the 
shell and cai'efully observing the spinee in their natural 
connexion with it, you will observe that the obliquity 
of its position accurately corresponds witli the angle 
which the individual spines form witli the surface of 
the shell from wliieh they spring ; and that the shoulder 
has its plane exactly parallel with the latter, but raised 
a little way abore it. Wow the entire shell, during 
life, was clothed with a Kving vascular flesh, having a 
thickne^ exactly corresponding to the distance of the 
shoulder from the shell. Tlois shoulder, then, was an 
attachment for the muscular hands, whose office it 
waa to move^the spine to and fro; the projection af- 
fording the muscles a much better ^!wc/tasfi, or power, 
than they could have had if they had been inserted into 
tliB slender stem itself. 

The tubercles on the shell show a structure which 
corr^ponds with this. They are very minute ; but 
each of them is regularly formed, and is crowned with 
ite little polished nipple, on which, as I have said, the 
spine worlia, as by a ball-and-soetet joint. These are 
arranged with perfect i-egularity in qmnotinx, and by 
close examination you will see that each is inclosed in a 
little area formed by a veiy low and narrow ridge of 
the shell, which makes a network. On the lateral por- 
tions of tlio rnidcr stirface the meshes of this net are 
pai'ticulaidy conspicuous, and we see that they consti- 
tute shallow hexagonal cells, in the midst of which 
15 
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is seated tlie tubercle ; yet not in the exact centre 
either, but nearer tlie front than the back of the area 
inclosed. 

Now this elevated ridge affords, doubtless, the in- 
sertion of the other end of the muscles that move the 
spine ; the ridge giving a better purchase than a flat 
surface, as tlie heel on the breastbone of birds is deep 
in proportion to the vigour of the muscles used for 
flight. And, surely, the apparently trivial fact that 
the space behind the tnbei-cle is gi-eater than that in 
front, is not without significance, since it implies a 
thicker mtiscle at that part, which accords with the cir- 
cumstance that such would be the insertion of the 
muscle-band whoso contraction produces the outwm-d 
stroke by which the sand is forced away from the 
bed. 

But what is the need of so much care being be- 
stowed upon the separate motion of these thousands of 
hair-lite spines, that each individual one should have a 
special structure with special muscles, for its individual 
movement ? The hairs of our head we cannot move 
individually ; why should the Heart-Urchin move his ? 
Truly, these hairs are the feet with which he moves. 
The animal inhabits the sand at the bottom of the sea 
in our shallow bays, and burrows in it. By going 
carefully, witli the lens at your eye, over the shell, you 
perceive that the spines, thoiigh all formed on a com- 
mon model, differ considerably in the detail of their 
form. I have shown you what may he considered the 
average shape ; but in some, especially the finer ones 
that clothe the sides, the club is slender and pointed ; 
in others, as in those behind the mouth, which ai-e the 
largest and coarsest of all, the club is dilated into a long 
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flat Spoon ; while in the long, much-bowed spines which 
densely crowd upon the back, the form is almost nni- 
formly taper throughout and pointed. 

The animal sinks into the sand mouth downwards. 
The broad spoons behind the mouth come first into 
requisition, and scoop away the sand, each acting in- 
dividually and throwing it outwards. Observe how 
beautifully tliey are arranged for tliis purpose 1 diverg- 
ing from the median line with the curve backwards and 
outwards. Similar is the ai-rangement of the slender 
side-spines ; their cuiTe is still more backwards, the 
tips arching uniformly outwards. They take, indeed, 
exactly the curve which the fore-paws of a mole pos- 
sess — only in a retrograde direction, since the Urchin 
sinks backwards — -which has been shown to be so effec- 
tive for the excavating of the soil and the throwing of 
it outwards. Finally, the long spines on the back are 
suited to reach the sand on each side, when the crea- 
ture has descended to ite depth, and by their motions 
work it inward again, covering and concealing the in- 
dustrious and effective miner. 

Thus we have another instance added to the ten 
thousand times ten thousand, of the wondrous wis- 
dom of God displayed in the least and most obscure 
things. " All thy works shall praise thee, O Lord I " 
(Ps. exlv. 10.) 

There is an order of animals which naturalists put 
in the same category as the Sea-urchins, but which an 
unscientific observer would regard as possessing little 
or no affinity with them. Some are like long, soft, and 
fleshy worms, and others, wliich come the nearest to 
the creatures wc have been looking at, have still the 
lengthened form, which, however, so closely resembles 
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that of a warty aiigled CTieum"ber that the animals I 
allude to are familiarly called Sea-ciieumhers {Holo- 
thwnadm). The marine zoologist frequently finds them 
heneath stones at extreme low water, and larger 
forms^as hig in every direction aa a marketable eu- 
cmuher — -are occaeionally scraped from the bottom of 
the deep sea by means of tbat useful instrument, the 
dredge. If you drop one of them info sea-water you 
will presently see from one exti'emity an exquisite ai-ray 
unfold like a beautifully cut flower of many petals, or, 
rather, a star of ramifying plumes. Soon it begins to 
climb the walls of your aquarium, and then you catch 
the first glimpse of its affinity to the TTrehins ; for tlie 
short warts which ran in longitudinal lines down the 
body, corresponding to the angles, gradually lengthen 
themselves, and are soon perceived to be sucting-feet, 
analogous in structure and in function to those with 
which the Star-fish and Sea-urchin creep along. 

But the relationship becomes more appai-ent still 
when we find that the Cucumber has a skeleton of cal- 
careous substance deposited on exactly the same plan 
as in the Urchin, viz., around insulated rounded cavi- 
ties. It is true you may cut open the animal and find 
nothing at all more solid than the somewhat toagb and 
leathery skin ; but a calcareous skeleton is thei'e not- 
withstanding, though in truth only a rudimentary one. 
If we were to cut off a considei'able fragment of the skin, 
and spread it out to dry upon a plate of glass, and 
then cover it with Canada balsam, we should find — as- 
sisted by the translucency which is eommimicated to 
the tissues by tlie balsam — that the skin is filled with 
scattered atoms of the calcai'eous stnicture, pei-fectly 
agreeing with that with which the solid frame-work of 
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the Urchin is huilt up, but minute and isolated in the 
flesh instead of being united into one or more masses 
of definite oi-ganic foi-m. 

But the atoms I speak of are still more perfectly- 
Been by dissolving the piece of skin in boiling potash, 
and washing the sediment twice or thrice in pure 
water ; this may then be spread upon a glass slide, 
and covered with a plate of thin glass, when it forms 
an interesting and permanent object for study. I have 
here a slide which is the result of such treatment ; to 
the naked eye it appears sprinkled with the finest dust, 
but under magnifying power it is seen to consist of 
numberless calcareons bodies, of great beauty, and very 
free from extraneous matter. 

The elegance of the forms is remarkable, and also 
their uniformity ; for though there do occur here and 
there among tliem plates of no regular shape, perforated 
with large or small roundish orifices, yet the over- 
whelming majority are of one form, subject to slight 
modifications, in shape and size. 

Neglecting, then, the irregular pieces, wc perceive 
that the normal form is an oval of open work, built up 
by the repetition of a single element. That element is 
a piece of clear glassy material, highly refractive, of 
the shape of a dumb-bell — two globes united by a 
thick, short column. The oval is constructed thus : — 
snppiKe two dumb-bells to be placed in contact, side 
by side, and soldered together, there would be of coui'se 
an oval aperture between their columns. Then two 
others dumb-bells are united to these in a similar man- 
ner, but one on each side, so that the globes of each 
shall rest in the valley between tlie former globes now 
imitcd. These then are soldered fast in like manner ; 
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and the result is tliat there are three oval apertures. 
Tlio next step is that on the top of the four united 
globes two other dumb-hells stand erect, and lean over 
towards each other till their upper globes come into 
contact, tlieu' lower ones remaining remote ; these arc 
soldered to the mass and to each other, at the points of 
contact, leaving a fourth aperture. The same is re- 
peated at the opposite end by two other dumb-bells ; — 
and the structure is complete as you sec it. In almost 
all cases the two united globes of these terminal ele- 
ments are fused into one 
globe, and in not a few 
instances the appearance 
as if these two dumb- 
bells were but one, bent 
over in a semi-circular 
form ; but still a good 
many specimens occur in 
■which the two dumb-bells 
can bo quite distinguished from each other. The cal- 
careous matter that solders the elements together seems 
abundant, and has the appearance that would be pre- 
sented if they had been made of solid glass, and united 
by glass in a state of fusion ; the latter having appa- 
rently run together, so as to smooth and round angles 
and fill up chinks, oven where, as is often the case, the 
globes themselves have only mutually approximated, 
and not come into actual contact. 

The average dimensions of tliese oval aggi-egations 
may be 'OOi inch in length, and a little more tlian '003 
in width ; bat some specimens occur which arc a little 
larger, and othei-s a httle smaller than this ; while the 
irregulai- plates ai'e sometimea three times the length. 
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Some of tlie more -woriri-liko membei-s of tins class 
have, however, a skeleton composed of pieces imbedded 
in their skin, of even more re- 
markable shapes than these. 
One of tlieee is the Chirodota 
violacea — a nativeof the south- 
ern coasts of Eorope. We have [ 
indeed a, British species of the 
same genus, a specimen of \ 
which is in my possession, but 
I have vainly examined the 
skin for any structure anal- 
ogous to this.* In the Medi- "•■■"■- "■ uu.m,KD.A. 
terranean species the skin, especially of the belly-side, 
is described as filled with plates exactly resembling 
broad and tliin wheels of glass, supported by four, five, 
or six radiating spokes, and having the inner edge of 
the hoop cut into teeth of excessive deHcacy. 

Another animal remarkable for its cutieular furni- 
ture is the genim Syno/pta, which is very similar in form, 
and closely allied to the Chirodota. It is very common 
in the Adriatic and Mediterranean seas, but has not yet 
been taken on the British coasts. I would counsel you, 
however, to have yoiu- eyes open if you have the op- 
portunity of searching our coasts ; for, as Miiller found 
one species, the Synwpta mkm'ens, on the shores of 
Denmark, it is not at all unlikely that we may possess 
either it or some other. Should it ever come into your 
liandsj slit open the skin of the belly, where you will 

>> The most careful and Tepeated search has not ardled me to find in 
the sMn the least trace of calcareona atoms ; but this may possibly be 
because I had unfortunately preserred my Epedmen in acetate of ahani^ia 
and the acetic acid has per 
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find, embedded in little papillte or waris, some biglily 
cunous spicula or calcareoua forma. Each consists of 
an oblong plate, perforated witli large holes in a regiilar 
manner, and having a projection on its 
surface near one extremity, to which is 
jointed a second piece, having the most 
singularly true resemblance to an an- 
chor. The flukes of this anchor project 
'"""■bsnaptZ from the skin, the shank standing ob- 

liquely upward from the plate, to which it is articnlated 
by a dilatation, where the ring would he, which is cut 
into teeth. 

Among the imiltitude of transparent creaturea that 
awim ill the open sea, few are more interesting than 
thoee which constitute the infant state of the veiy ani- 
mals that we have lately been examining — the Sea- 
urchina and their alUes. It is a productive way of ob- 
taining subjecta for microscopic research, to go out in a 
boat on a quiet auramer's day, especially in the after- 
noon, when the sun has been shining, or when evening 
ia waning into night, and mth a fine muslin net 
stretched over a braaa ring at the end of a pole, skim 
the surface of the smooth aea. At intervals you take 
in your net, and having a wide-mouthed glass jar 
ready, nearly filled with sea-water, invert the muahn 
in it, when your captives, small and gi'eat, float oft' 
into the receiver. After a few such e^aya, unless you 
have very bad success indeed, you will see even with 
the naked eye, but much more with a lens, that the 
water in yom' jar is teeming with microscopic hfe; 
and though many of yom- captives will not long sur- 
vive the loss of their freedom, still meanwhile you 
may secure many an interesting object, and examine it, 
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while yet the beauty and freshness of life remain. 
And moreoTer, with care and prudence, some selected 
subjects may be maintained in vigour, at least long 
enough to afibrd you valuable information on the 
habits, economy, metamorphosis, and development of 
animals, of which even the scientific world hnows next 
to nothing. 

I have just been so fortunate as to obtain in tliis 
way the larval stage of one of our Sea-ureliins, and 
have it now in the thin glass trough which is on the 
stage of the microscope. It is just visible to the un- 
assisted sight as a slowly moving point in the clear 
water, when the vessel is held up to the light ; but 
with the low power which I am now using, it ia dis- 
tinctly made out in all its parts, and is an object of sin- 
gular elegance and beauty. 

It is, as you see, somewhat of the figure of a hel- 
met ; the crest rising to a perpendicular point, which is 
rounded, tlie vizor or m^k descending far down and 
ending in two points, and a long eai- hanging down 
on each side, so as to reach the shoulders of lie weai'er. 
Of coui-se such comparisons are fanciful, but they assist 
one in intelligible description. 

Now, the entire helmet is composed of a gelatinous 
flesh of the most perfect transparency, so that we can 
see with absolute clearness everything that is within it. 
And the first thing that strikes us is, that a frame-work 
or skeleton of extreme delicacy, composed of gla^y 
rods, supports the whole structure. Look carefully at 
this, and mark its symmetry and elegance. There is, 
then, first, a rod which passes through the crest per- 
pendieularlyj and carries at its lower extremity a hori- 
zontal ring. To the opposite eid^ of this ring are 
15* 
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soldered two other very slender rods, passing down 
nearly in a perpendicular direction, ttit a little diverg- 
ing ; and two otlier shorter rods pass down from the 
front of the ring, parallel to these. After a while each 
lateral paii" of rotU is united by a short cross-piece, and 
the resnlt is four lengthened rods, two of which go 
down through the vizor into the chin-points, and two 
larger and stouter ones through the ears into the 
shoulder-points. This, then, is tlie solid skeleton, the 
interest of which is much enlianced, when we observe 
that it is formed, on the common plan, out of per- 
forated lime-glass, the two ear-rods and the crest-rod 
being pierced with a regular scries of oval holes, and 
bearing on then" edges coiTesponding projecting points. 

N'ow, to turn again to the gelatinous flesh. The 
inner surface of the vizor, or that which would be in 
contact with the face of the wearer, supposing it to be 
a real helmet, has a great squarish orifice with a thick- 
ened margin, which we see by its movements to be 
highly sensitive and contractile. This square orifice is 
the moutli of the larva, and it leads into a cavity in the 
upper part of the vizor, which is the gullet ; and this 
in its turn terminates in a narrowed extremity, which 
passes into the orifice of a greater and higher cavity, 
the lip of which embraces it just as the bung-hole of a 
barrel receives and embraces the tube of a funnel. The 
latter cavity occupies the chief part of the volume of 
the helmet, the four rods diverging to inclose it. It ia 
the stomach. 

It adds to the beauty of the little helmet-shaped 
creature, that while the greater portion of the substance 
is of the most colourless transparency, the summit of 
the crest and the tips of the shoulder-points are tinged 
with a lovely rose-red. The whole exterior surface is, 
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moreover, studded with those minute and glandular 
Bpeeks, with which erery part of the adult Urchin is 
covered ; and tlie light is reflected from the varioua 
prominences with sparkling brilliancy. 

The little creature moves through the water with 
much grace, and with a dignified deliberation ; the 
crest heing always uppermost, and the perpendicular 
position invariably maintained. It does not appear 
capable of resting, its movements depending on inces- 
santly vibrating cilia. These organs we perceive 
densely clothing the long ear-pieces, but more espe- 
cially accumulated and more vigorous in a thickened, 
fleshy band, which passes partly round the whole hel- 
met, at the origin of these pieces. 

You do not discern the slightest resemblance of 
form between this httle slowly-swimming doma and 
the spined and boxed Urchin which 
crawls over the rochs ; and you won- 
der by what steps the tiny atom of 
one-fortieth of an inch in length is led 
to its adult stage. Fortunately I can 
satisfy your curiosity on this point, 
not indeed from my own observations, 
but by those of Professor Johann 
Miiller, whose discoveries of the de- 
velopments of these and kindred ani- j 
mals are among the most interesting, 
because the moat startling, of the mar- I 
vels which modern zoology has re- 
vealed to us. The whole process is 
full of surprising details, to which the 
change of the catei-pillar to a chrysalis, 
and that of the chrysalis to a butterfly, ^'^'^'^ "" ™'-'""^""'- 
present no parallel, wonderful as tbose changes of form 
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appear and are. There we have but modifications of 
ontwai'd form, produced by tlie successive moults or 
castings of tlie external skin, and the gradual growth 
of the animal, which has from the first been present, 
though veiled. But the construction of tlio Soar 
urcliin ia by no means a procesa of skin-easting, nor 
has it any recognised parallel in tlie whole economy of 
natural hiatory. It is a development perfectly unique. 
I will endeavour to make you acquainted with the 
results arrived at from the researches of the eminent 
German zoologist to whom we are indebted for almost 
all we know on the matter. 

let me first premise that this beautiful helmet- 
shaped creature is not the future Urchin ; and, strange 
to say, that only a very small portion of the present 
structure, namely, the stomach and gullet, will enter 
into its composition. The helmet is a kind of tem- 
porary nurse, within which tlie future Urchin is to be 
formed, and by which it is to be carried from place to 
place by its cUiary action, while the young animal is 
gradually acquiring the power of independent life, 
when tlie whole constitution of the nurse wastes away 
and vanishes ! 

The first trace of the young Urchin is a filmy cir- 
cular plate, which is not symmetrical with the helmet, 
nor formed even on the same plane, but appears (?5- 
TAguely fixed on the exterior of the stomach, on one aide, 
close to the arch of transparent flesh which sti-etchea 
from one of the points of the vizor to one of the eai-- 
points. Herr Miiller compares the larva (which is not 
helmet-shaped in every species) to a clock-ease, of 
which the vizor, with its banging gullet and mouth, 
form the pendulum, and then the newly-formed disk 
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i the face of the clock, only it is put on the 
a instead of the front, itlfow tiiie tiny disk gi-adually 
grows into the form and assuoiea all the organs of the 
Urchin, while the enveloping nurse, flesh, rods, and all, 
waste away to nothing. 

The disk, soon after its appearance, is seen to bear 
prominences on its surface, in which is traced the figure 
of a ciaque-foil, the elemente being five warts set sym- 
metrically. These lengthen and grow into suckers, es- 
sentially identical with those of the adult, but moat 
disproportionately large. In the five triangular inter- 
spaces between these, little points and needles of solid 
calcai-eous glass begin to form, very much like the crys- 
tals that shoot across a drying drop of a soluton of 
some salt; these catch and nnite, first into -"T, and 
then into J-| -forms, and then into irregular networks. 
Meanwhile, fieehy cylindrical columns spring np from 
the surface, one in each of these interspaces, and pres- 
ently develop, within their substance, a similar frame- 
work of porona glass ; these soon manifest themselves 
to be the spines, and each is seated on a little nucleus 
of network, on which it possesses the power of rotating. 
At the same time pedicellariie begin to he formed ; 
and, what is specially marvellous, they are first seen, 
not on the disk, which alone is to be the future 
Urchin, hut on the interior wall of the helmet, which 
is even now in process of being dissipated, and even 
on the opposite side to that which carries the disli. 
They commonly appear four in number, aiTanged in 
two pail's ; and one can see in them — they being, like 
the suckers, large out of all proportion to the disk — 
the stem, and the three-leaved heads, which already 
exercise their characteristic snapping movements. 
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The disk is meanwhile enlarging its area ; and the 
spines and suckers, gradually lengthening, at length 
pnsh themselves throngh the walls of the helmet ; the 
hanging points and crest of which are fast diminishing 
hy a kind of insensible absorption ; the ciliary move- 
ments become leas vigorous, and the mouth closes up. 
Bat, correspondently, the Urchin is beginning to ac- 
quire its own independent 
power of locomotion ; for the 
BuckcrSj now ever sprawling 
> about, are capable of adhering 
to any foreign body with 
which they como into contact, 
and of dragging the whole 
structure about, by their prop- 
er contractions. The cilia 
that cover tho thickened fling- 
ing band still exercise their 
/°i>(it. powers, and ai'Q tho last to 




"When the disk has grown to sucli an extent as to 
spread over about half of the larval stomach, very 
little remains of the helmet, except the middle portions 
of the glassy rods and the ciliary bands ; all the rest 
of this exquisitely modelled framework having van- 
ished by insensible de^ees, no one knows how or 
where. The stomacli and gullet indeed arc gradually 
sucked into the ever-growing disk ; bat all the rest, 
flesh and rods, fringes, bands, and cilia, waste away to 
nothing. 

The month of the larva has no connexion with the 
mouth of the Urchin. The little isolated patches of 
glassy network continue to spread through the flesh 
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of the disk, until tlie whole forms one uniform struc- 
ture, and constitutes a series of plates. Tlie mouth is 
that spot in the centre, over which the calcareous 
frame is last extended ; and it is first distinguishable 
by the appearance of five glassy points, which soon 
develop themselves into the five converging jaws, 
which we see forming such a curious apparatus on the 
inferior side of the Sea-IlTchin. 

Actual ohscrvation has not traced the infant animal 
beyond the stage of the development ; but specimens 
have been taken by Professor Mtiller swimming in 
the sea, in which scai'cely a rudiment of the larva re- 
mained. Tliey had the form of round flattened disks, 
which freely moved their spines and crawled about the 
sides of the vessel in which they were kept, by means 
of their suckers, exactly in the manner of the adult 
Urchin. 

Thus " ends this strange, eventful history ; " and in 
reviewing it, one can scarcely avoid being impressed 
with a sense of the majesty of God in these His humble 
works. By what wonderftd, what xmexpected roads 
does He amve at the completion of His designs I and 
if such thin^ as these are only now bursting upon oui" 
knowledge, after sis thousand years of man's famihar 
contact with the inferior creatures, how many more 
wonders may yet remain to be unfolded, as science 
pursues her investigations into the Divine handiwork 1 
And yet, how do this and all similar manifestations of 
power and wisdom, sink into insignificance before the 
grand marvel, the wonder of wonders, the great mystery 
of godlinosa— that God was manifest in the flesu t 
We are BUri>rised and delighted when we see one crea- 
ture change, as it were, into another, but too often the 
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story of tliat gi-eater wonder, that God siiould have 
become man, falls upon listless ears and cold hearts ; 
and yet the foimer, which we scarcely weary of trac- 
ing, concerns only the weU-belng of a poor dull crea- 
ture scarcely raised above the life of a plant, whereas 
tho latter had for its object the lifting of creatures 
from a state of ruin and wrath to immortal life and 
everlasting glory ; and the creatures ai'c — owrsel/aes 1 
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CHAPTER XVII. 



As this afternoon was delightfully calm and warm 
— the veiy model of an autumnal day — I took my 
muslin ring-net and walked down to the rocks at tlie 
margin of tlio quiet sea. Nor was I disappointed ; for 
the still water, scarcely disturbed by an undtdation, 
and clear as crystal, was alive with those brilliant little 
globes of animated jelly, the Oiliograde and Naked- 
eyed Medusa, apparently little more substantial than 
the clear water itself. Multitudes of them were iioat- 
ing on the surface, and others were discerned by the 
practised eye, at various depths, shooting hither and 
thither, now ascending, now descending, now hanging 
lightly on then- oars, and now, as if to make up for 
sloth, darting along obliquely with quickly-repeated 
vigorous strokes, or rolling and revolving along, in the 
very wantonness of humble happiness. 

After gazing awhile with admiration at the undis- 
turbed jollity of the hosts, I made a dip with my net, 
the interior of which, on lifting it from the water, was 
lined with sparkling baUs of translucent jeUy. They 
were far too numerous to allow me to ti-ansfer them all 
to captivity ; they would soon have choked up and 
e another : I therefore selected the finest 
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and uio&t iiitcreoting, ehakiiig an example or two of 
each kind into my glass jar of Bea-water, where they 
immediately began to frolic and revel as if still in 
the enjoyment of unrestricted liberty. And here they 
are. 

Among these bright and agUc beings which are 
shooting their wayward traverses across each other, 
and intertwining their long thread-like tentacles, we 
will select one or two for examination, aa samples of 
their kindred. And iirat let me isolate this active little 
Beroe {Cydvjppe pomifonms), which I dip out with a 
tea-spoon and transfer to this other glass jar, that we 
may watch its form and movements unaffected by the 
presence of its companions. 

We see, then, a little ball, almost perfectly globu- 
lar, except that a tiny wart marks one pole, of the size 
of a small marble, and apparently turned out of pui-e 
glass, or ice, or jelly — according to yonr fancy — ^per- 
fect transparency and coloitrlessness being its charac- 
teristics, so much that it is not always easy to catch 
sight of the little creature, except we allow the light to 
fall on the jar in a particular dii'ection. From two 
opposite sides of the globe proceed two threads of 
great length and extreme tenuity, which display the 
most lively and varied movemente. 

These filaments shall occupy us for a few moments. 
We trace them to their origin, and find that they pro- 
ceed each from the interior of a lengthened chamber, 
on each of two opposite sides of the animal. Sudden- 
ly, on the slightest touch of some foreign object, one 
of the threads is contracted to a point and concealed 
within its chamber, but is presently darted forth again. 
When the lovely globe chooses to remain still, the 
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tlircads bang downward, gi'adually lengthening more 
and more, till their extremitieB lie along the bottom of 
the jar, extended to a length of six inches from the 
chamber. Then we see that this delicate thread is not 
simple, but is famished along one side, throughout its 
length, at regnlar distances, with a row of secondary 
filaments, ■which project at right angles from the main 
thread. 

These secondary filaments constitute an unportant 
element in the chann which invests this brilliant httle 
creature. They are about fifty in number on each 
thread, and some of them are half an uieh long, when 
fully extended, but it is seldom that we see them thus 
sti-aighteiied ; for they are evei" assuming the most 
elegant spiral coils, which open and close, extend and 
eonti'aet, with an ever-changing Tivaeity. The animal 
has a very perfect control over the thi'cada, as well as 
over the secondaiy filaments in their individuality. 
One, or both, are frequently projected from their 
cham,bers to their full extent by one impulse ; some- 
times the extension is arrested at any stage, and then 
proceeded with, or the thread is partially or entirely 
retracted. Sometimes the secondary filaments are 
coiled up into minute balls scarcely perceptible, or only 
so as to give to the main thread the appearance of 
small beads remotely strung on a fine hair ; then a few 
uncoil and spread divergently ; contract again, and 
again unfold ; or many, or all, interchange these actions 
together, with beautiful r^ularity and rhythmical uni- 
formity, repeating the alternation for many times in 
rapid BucccBsion. 

The beauty and diycraity of the forms assumed by 
these elegant organs beguile ue to watch them with 
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xinwearied interest, and we wonder what is their func- 
tion. Eor, with all our watching, this is hy no means 
clear. They are certainly not organs of motion. At 
times it seems as if they were cables intended to moor 
the animal, while it floats at a given depth ; or we see 
them with their extremities spread upon the bottom, to 
which they appear to have a power of adhering, thus 
forming fixed points, from which the little globe rises 
and falls at pleasure, shortening or lengthening its 
delicatrC and novel cables, maintaining all the while its 
erect position. 

When the CydA/ppe swims, however, which it does 
with great energy, the threads seem unemployed, 
streaming loosely behind, and evidently taking no part 
in the progression, though still adding beanty and 
grace to the tov^ ensemble. The organs by which the 
sprightly motions of the whole animal are aifected are 
of quite another character, and sliall now engage our 
attention. 

Ton have donbtl^s observed, while gating on the 
animal, a peculiar glittering appearance along its sides, 
mingled in certain lights with brilliant rainbow-reflec- 
tions. Now let us talce an opportunity, when it ap- 
8 the side of the glass, to examine this appear- 

e with a lens. The globe, you see, is marked by 
longitudinal bands, eight in number, set at equal dis- 
tances, and ranging like meridians, except that they do 
not quite reach to either pole. These bands are the 
seats of the motile organs, which are highly curious, 
and in some sort peculiar. 

Each band is of considerable widtli in the middle, 
bnt becomes narrower towai-ds the extremities. It car- 
ries a number — usually from twenty to thirty — of flat 
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tliin mcnibranons fins, set at regular distances, one 
above the otiier, whicli may be considered as single 
horizontal rows of cilia, agglutinated together into flat 
plates. Eaeli plate has a rapid movement up and down, 
from the line of its insertion into the band, as from a 
liinge, and thus striking the water downwards, like a 
paddle. The whole band may be likened to the pad- 
dle-wheel of a steamer, except that the paddles are set 
in a fixed line of curvature instead of a revolving circle. 




The effect, however, is exactly the same : that of pad- 
dling the beautiful little globe vigorously through the 
water. The prismatic colours are produced by the play 
of light on their glittering surfaces, which are ever pi-e- 
Eonted to the eye of the beholder at changing angles. 

"We rai'ely see tliese rows of paddle-Hns wholly at 
rest, but occasionally one or two bands will be alone in a 
state of vibration ; or one or more will suspend their ac- 
tion while the rest are paddling. Sometimes in a band 
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that is at rest, a minute and momentary wave will be 
seen to run rapidly along its; Icngtii, All these circum- 
stances ahow that the ciliaiy motion is perfectly under 
the control of tlie animal's will, not only in tlie aggre- 
gate, but in every part. 

In an excellent memoir on this animal by Mr. E. 
Patterson of Belfast,* there are some interesting oh- 
Bervations on the power of its tissues to become tinged 
with extraneous colours, a fact which may be tmoful to 
you in your researches, as enabling you with more ease 
and precision to demonstrate the internal structure. 

" Prom the inconsiderable g^uantity of solid ma- 
terial," remarks this observer, "which enters into tho 
body of tho Boroes, and the rapid circulation of water, 
which is apparent throughout their frame, we would 
naturally suppose that any tinge which tho body might 
accidentally acquire would be exti'emely fugitive. It 
was found, however, to be much less so than d priori 
would have been expected. My attention was dra^vn 
to this peculiarity by the circumstance of all my glass 
vessels being one evening occupied by Beroes and 
Crusacea, so as to compel me to place a small Medusa 
in a tin vessel, which chanced to be rusted at the seams, 
IText morning the colourless appearance of the animal 
was changed into a bright yellow, which appeai-ed to 
pervade every part, and doubtless arose from the oxide 
of iron, diffused through the searwater. This tint re- 
mained during the entire day, although the animal was 
transferred to pure sea-water. Wishing to tiy if tho 
vessels of the Beroe would become distinct, if filled 
with some coloured fluid from which the animal could 
suddenly be withdrawn, and viewed through the usnal 
* Trane. Boy. Irisli Academy, Tol. xi:x. pt. 1. 
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ti'ansparent medium of sea water, I placed a Eeroe in a 
weak infueioii of saffron. At the end of twenty minutes 
its colour had undergone a perceptible change. I 
allowed it, however, to remain immersed for about six 
or seven hom's, when it had assumed a bright yellow 
hue. It was then placed in pure sea- water, but retained 
its yellow colour for twenty-four houra afterwards ; and 
though it gradually became fainter, it was veiy percep- 
tible even at the expiration of forty-eight hours." 

I am sure yon wiil pardon my interrupting your 
microscopic gazinga for a moment by quoting tho fol- 
lowing charming lines by the Eev. Dr. Drummond, 
which were elicited by his having watched with pleasure 
the elegant form and motions of this little creature. 

" Now o'er the etern t!ie fine-mesbed net-bag fling, 
And from the deep the little Beroe bi'iug ; 
Beneath the sun-lit ware she swims concealed 
By her owu brightneea ; — only now revealed 
To sage's eye, that gazes with delight 
On things invisible to vulgar eight. 
When first extracted from her native biiae. 
Behold a small ronnd mass of gelatine. 
Or frozen dew-drop, void of life or limb : 
But round the crystal goblet let her sivini 
Taidst her own element — and lo ! a sphere 
Banded from pole to pole— a diamond clear, 
Shaped as bard's fancy shapes tlie small balloon 
To bear some sylph or fey beyond tho moon. 
From aU her bands see lucid fringes play, 
That glance and sparkle in the solar ray 
With iridescent hues. Now round and round 
She wheels and twirls — now momits — than sinks profound. 
How see her, like ilie belted star of Jove, 
Spin on her axis eroooth--a8 if she strove 
To win applause — a thing of conscious sense, 
Quivering and thrilling with delight intense. 
Long silvery cords she treasures in her sides. 
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Bj ivMcli, uncoiled at times, she moora Emd rides ; 
From these, oa hook-hoirs on a fisher's line, 
See feathery fibrils haog, in gracefnl twine, 
Gmcef^il as tendrils of the miLQttiiig line, 
Tbeee, swift as ungler, by the fishy lake, 
Projects his fly, the keen-eyed trout to take. 
She shoots with rapid jerk to seize her fooi). 
The small green creatures of oruataceous brood ; 
Soon doomed herself a ruthless foe to find, 
Wben in tli' Actinia's arms ahe lies entwin'd. 
Here prison'd by the vase's crystal bound. 
Impassable as Styx's ntue-fold nmnd, 
Quick she projects, as quick retracts again. 
Her flexile toils. Rod tries her arts in Tiun : 
Till languid grown, her fine machinery worn 

By rapid Motion, and ber fiinges torn, 

Her full round orb wanes lank, and swift decay 

Pervades her frame till all dissolves away. 

So wanes the dew, conglobed on rose's bud, 

So melts the ice-drop in the tepid flood: 

Thus too shall many a shining orb on high 

That studs the broad pavilion of the sky. 

Suns and their systems fade, dissolve, and die." 

Wliile we have lieeii admiiing our lovely little 
OyiUfppe, and compai-ing notes with otiier observers and 
admirei-s, other species as small, as transparent, as 
sprightly, and scarcely less elegant, have been impa- 
tiently waiting for their share of admiration ; shooting 
to and fro, tossing their little bells of dnctile glass about, 
and alternately lengthening and snatching-in their sen- 
sitive tentacles, in astonishment at our stoical indiffer- 
ence to their chaims, and saying, suo more, with the 
little nrchin whose feelings were hurt by the neglect of 
his papa's visitor — " You don't notice how beautiful I 
be?" 

A thousand pardons, sweet little Sarsia ! We will 
DOW give you our undivided attention ; and for tliia 
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end -we must take the liberty of catching you and of 
transferring your ti'anslucency to isolated grandeur in 
this other glass. Ha ! but you don't want to he caught, 
ch? And Bo you pump and shoot round and round the 
jar as the spoon approaches t Truly you are a supple 
little subject, difficult to catch as a flea, and difficnlt to 
hold (in a spoon) as an eel. But here you are at last, 
lying as motionless and as helpless in the silyer as a 
half-melted atom of calf*s-foot jelly, to whieh, indeed, 
you possess no small resemblance. 

Look at the pretty little Medusa in his new abode, 
at once recovering all his jeily-hood as he feels the 
water laving him, and dashing about his new domain 
with a vigour which mates up for lost time. 

It is a tall bell of glass, a little contracted at the 
mouth — ^its outline forming an ellipse, from which 
about a third has been cut oif. TJie margin of this 
bell cai-nes four tiny knobs, set at equal distances, and 
thus qunrtering the periphery ; and these are the more 
conspicuous because each one ia marked with a bnght 
orange-coloured speck. Physiologists are pretty well 
agreed to consider such specks as these, on the margins 
of the smaller Me4iiscB, as eyes, — ^i-udimentary organs 
of vision, capable, probably, of appreciating tlie 
preseuce and the stimulus of hght, witliont the power 
of forming any visual image of external objects. Ton 
will not gain much information about their fimction 
from microscopic examination ; for all yon can discera 
is an aggregation of coloured specks (piginent-granules) 
in the midst of the common jelly. 

Tlie knobs, however, ai-e connected with other 
organs ; for from each of them depends a highly sensi- 
tive and very contractile tentacle. Sometimes one, or 
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more, or all, of tliese organs hang down in the water 
motionless, lengthening more and more, especially 
when the hell is etiU, until tliey reach a length Bome 
twelve or fifteen times that of the bell, or umhrella. 
Tlien enddenly one will be contracted, and, as it were, 
Bhrivelled, to mere fragments of a quarter of an inch 
long ; then lengthened again to an inch or two ; then 
shortened again. Now the little bell resumes its ener- 
getic pumping, and shoots I'ound and round in an 
oblique direction, the summit always going foremost, 
and the tentacles streaming behind in long trailing 
lines. Now it is again aiTested; the bell turns over 
on one side and remains motionless, and tlie tentacles, 
as " fine as silhworms' threads," float loosely in the 
water, become mutually inter-tangled, instantly free 
themselves, pucker and slirivel up, slowly lengthen, 
and hang motionless again, or, as the bell allows itself 
to sink slowly, are thrown into t!ie most elegant curves 
and arches. 

Though these tentacles look at firet like simple 
threads of extreme tenuity, yet when viewed closely 
they are seen to be composed of a succe^ion of minute 
knobs separated by intervals — like white beads strung 
on a thread ; the heads being more remote from each 
otlier in proportion as the tentacle is lengthened. 

This strncture is worthy of a more minute inves- 
tigation, "We will, therefore, confine our little Sarsia 
in this narrow gla^ ti-ough, which is sufficiently deep 
to allow its whole form to he immei-sed, though some- 
what flattened; which is an advantage, as its move- 
ments ai-e thereby impeded. Now, with a power of 
SOO diameters you see that each of the knobs of the 
tentacle is a tliickening or swelling of the common 
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gelatinous flesli, in which are imbedded a score or two 
of tiny oval vesicles, witiiont any veiy obvioiis ar- 
rangement; but for the most part so placed that tlie 
more pointed end of each is directed toward the cir- 
cumference of the thickening. The intermediate slen- 
der portions of the tentacle — the thread on which the 
beads are strung — is quite destitute of these vesicles. 

These little bodies are called cnidw, and, in the 
whole of this class of animals, and also in that of Zoo- 
phytes, they play an important part in the economy of 
the creature, I shall probably take occasion to exhibit 
them to yon under conditions more favourable than are 
presented here, viz, in the Sea- Anemones, where they 
attain far greater diraensioua ; and therefore I will 
merely say here that each one of these tiny vesicles 
canies a barbed and poisoned aiTOw, which can be 
shot fortli at tJie pleasure of the animal witli great 
force, and to an amazing length — that hundreds ai'e 
usually shot together — and that iJiis is the provision 
which the All-wise God has given to these apparently 
helpless animals for securing and subduing their prey. 

There is, however, another organ still more conspic- 
uous in our little Sarsia, of which I have not yet 
spoken. As the whole animal has the most absolute 
transparency, we see that the roof of the bell is much 
thicker than the sides, and that it gradually thins off to 
the edge. Tlie interior surface is called the sub-um- 
brella, and it carries within its substance four slender 
tubes, which, radiating from the centre of tho roof, 
proceed to the margin, where they commimicate with 
anotlier similar canal which runs round tlie circumfer- 
ence, sending off branches into the tentacles. This is the 
circulatory system ; and you may see, with the raagni- 
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fying power which you are at present using, that a 
clear fluid is moving i-apidly -witliin all these canals, 
canying minute gi-anules ; not -with an even forward 
current, but with au irregular jerking vacillating move- 
ment, as if several conflicting eddies were in the stream. 
Yet we discern that, on the whole, tlie granules 
are moved forward ; passing 
from tlie centre of radiation 
towards tlio margin, when we 
sec them slip into the marginal 
canal from the several mouths 
of the radiating canals, 

Tliis is a very simple and rudi- 
mentary hlood-systcm. There 
is here no heart with its pulsa- 
tions, no proper arteries or veins, 
no lungs for oxygenation ; bixt 
the products of digestion are 
themselves thus circulated 
througii the system. And this 
brings me back to the central 
pohit, whence you see depend- 
ing the curious organ I spoke 
of. A long cylinder of highly 
moveable and evidently sensi- 
tive flesh hangs down from the 
middle of the roof exactly like 
saesia. ^g clapper of a bell ; and, as 

if to add to the resemblance, this same clapper is sus- 
pended by a narrow cord, and is terminated by a knob. 
Sometimes this whole organ is allowed to bang 
about as low as the edge of tlio bell ; then it gradually 
lengtliens to twice, thrice, nay to fivo times that 
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leugth ; tlie tongue lolling out of the nioutli to a most 
■uncouth distance, and even the Bospending cord (aa I 
presume to term the attenuated basal portion) reaching 
fai' beyond the margin ; then, on a sudden, like the 
tentacles, tlie tongue is contracted, thrown into 
wrinkles, curled into curves, and tlie whole is sheltered 
within the concavity ; presently, however, to loll out 
again. 

This proboscis-like organ is called the peduncle, 
and its office is that of a stomach, of which the knob 
at the end is tiie moiith, having a terminal orifice with 
four minute lips. The flexible substance and rapid 
motions of this peduncle are suited to enable it to seize 
small passing animals that constitute its prey; and I 
have seen the Sarsia in confinement seize witli the 
mouth, and swallow, a newly-hatched iish, notwith- 
standing the activity of the latter. I"or hours after- 
wards, the little green-eyed fiy was visible, the engnlf- 
ment being a very slow process ; hut the Hedusa never 
let go its hold ; and gi-adually the tiny fish was sucked 
into the interior, and passed up the cavity of the pe- 
duncle, becoming more and more cloudy and indistinct 
as digestion in the stojnach dissolved its tissues. 

The greater portion of the food is by-and-by dis- 
charged from the mouth, the fiuids which have been 
extracted from it being on the other hand earned up 
through tlie base of the peduncle, and distributed 
along the four radiating vessels, conveying nutiition, 
supply of waste, and gi'owth to all parts of the 
system. 

"We may now liberate our little Sarsia, with thanlis 
for the gi-atification he has afforded us, to resume hia 
active play among bis many companions. Meanwhile 
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we will look i'or one of another kind among the 
gi-oup. 

Here is a pretty and interesting species. Active 
it is, but less vigorously rapid in its movements, tlian 
either the S&roe or tlie Sarsia. It is, as you see, 
Boraetliiug less than a hemisphere, or resembling a 
■watch-glass in shape, about three-fonrths of an inch in 
diameter. In general character it resembles the Sarsia, 
but the peduncle is small, never reaching to the level 
of the margin, and its month is terminated by four 
expanding fleshy lips, which are cxta'cmely flexible 
and versatile. 

The four radiating vessels liere caiTy, jiist before 
they merge into the marginal canal, a dilatation of 
the common flesh, which, as yon see, bulges out the 
surface of the umbrella. We will examine one of these 
dilatations with the microscope. 

It is, as yon perceive, occupied by a number of 
cleai- globes, each of which has anotiier minute globose 
body in its interior. They are very divei-se in size, 
some being very small, others comparatively large, 
and it is to the dimensions of tliese latter that the 
swelling of the surface of tlie umbrella is due. These 
vesicles are the eggs of the animal considerably ad- 
vanced towards maturity ; and the dilatations around 
tlie radiating ve^els are the ovaiies, 

The margin, however, presents us witli the most 
obvious, and perhaps the most interesting, points of 
diversity from the little Sarsia. In the little beauty 
before us — whose name, by tJie way, ThaumanUas pt- 
loseUa, I have not yet told you — the outline is fringed 
with about iifty short and slender tentacles, each of 
which springs from a fleshy bulb, in which is set a speck 
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of deep ptirple. Tliese collections of coloured grannies, 
whieli I have already explained to bo rudimentary e 
have averychai'ming effect, and give a 
beautiful appeai-ance to the little crea- 
ture, as if its ti-anslucent crystalline 
head were encircled with a coronet 
of gems. 

You shall see tliem, however, un- 
der circumstances which will make inicjiASTiAa. 
tliem appear more lustrously gemmeons still. Come 
wiiJi me, and I will cari-y the glass containing our little 
Thaumantias into the nest room. Ton need not bring 
the caudle, or what I am going to show you wiU bo 
q^uite invisible, 

Tate hold of this pencil, and having felt for the 
glass, disturb the water with it. Ha! what a circle 
of tiny lamps flashes out ! Tou struck the body of the 
Tlmumantias with the pencil, and instantly, under 
the stimulus of alarm, every purple eye became a 
phosphoric flame. Touch it again ; again the crown 
of light flashes out, but less brilliantly ; and each tiny 
lamp after sparkling ti'emulously for a moment, wanes, 
and tlie whole gradually, but quickly, go oiit, and all 
is dark again. 

But it is tired of lighting up for nothing — or its 
gas is exhausted — or it is become 'used to the pencil 
and is not alarmed — or, at all evente, you may knock 
it, and push it, but it refuses to shine any more. Back 
with it then to the microscope, and let ne see if it pos- 
sesses any other points of interest for us there. 

Yes: we have not exhausted the organs of the 
margin yet. Between tlie tentacles which spring 
from bulbs there are a good many more, far more 
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uiiiuitc, witliout any "bulbs ;— from fo\ir to seven be- 
tween eveiy two of the primary ones. We won't 
inind tliese, but bringing tlie margin itself into focus, 
and moving it along tiie stage horizontally, we pres- 
ently see one and another singiilar organs. They are 
eight in all, two being placed, but irregularly, in each 
of the four quadratures of the circle formed by the ra- 
diating canala. 

There are auditory vesicles, or organs of hearing, 
very closely similar to those which we see imbedded 
in the bosom of the Snail and other MoUueca. Here 
they ai"e comparatively large, and unusnally well 




furnislied. Each is a semi-oval enlargement of the 
flesh of tiic margin, in close connexion with the walls 
of the marginal canal, hollowed so as to inclose a 
capacious cavity, in which are placed a considerable 
number — from thij-ty to fifty in this individual — of 
otolithes, or spheres of solid, transpai'ent, highly re- 
fractive substance. Tliey are aiTanged in a double line, 
forming a crescent, and those which are nearest the 
centime are longer than those towards tlie extremities 
of the line. I believe some observere have seen oscil- 
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latoiy and rotatory movements among tlicsc spherules, 
as in the Molliisca ; but I have invariably found them 
motiouless in all the species of Medusa that I have 
examined, as you see them liere. 

One more little beauty from our stock, and we have 
done ■witJi these. There is one that moves among the 
rest like a bead of coral, the smallest of all, yet the 
most hnlliant. Here is another, and here another of 
the same soil; ; which has been named by Professor 
Edward Forbes, Tmris neglecta^ because naturalists 
before him had neglected to notice it, just as we have 
been doing, eugi'ossed by its larger confreres. 

Beautiful as ia this little gem, it is not so large as 
a dried pea, scarcely larger than a grain of hemp-seed. 
It is described as " mitre shaped ; " in other words it 
is a tall bell, with the margin slightly bent inwards, 
and the sides a little constricted. The umbrella is 
thick, and being very muscular is not eo translucent 
as those we have been examining; hence it has a 
pellucid white appearance. But through this shines 
its chief beauty ; the peduncle is very large, and glo- 
bose at the upper or basal part, which is usually, as 
here, of a pale scarlet or rich orange, hue. 

Imbedded in tliis orange-coloured flesh are seen 
many points of a lovely rose-purple, which two coloiu's 
blending together, and softened by their transmission 
though the sub-pellncid umbrella, have a peculiar 
brilliancy. But stay ! here I have one more advanced 
in age, which will exhibit some peculiarities of in- 
terest in the economy of these frail but charming crea- 
tm-es. 

In this specimen, which is somewhat larger than 
the former, the margin of the umbrella is a little 
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turaed back, displaying more clearly the peduncle 
with its brilliant ovaries. These, too, are more tnrgid, 
and the rosy points are seen projecting from tlieir 
interior, and some of tliem even ready to fall. And 
look t here on the bottom of the glass are lying half-a- 
dozen or more of similar pui-ple points, whose rich 
hue renders tliem plainly discernible, after a slight 
seai'ching, to the unassisted eye. I will collect one 
or two with a capillary tube of glass, and submit them 
to your examination under tlie microscope. 

Ton now discern that these bodies ai'e perfectly 
oval in form. One might, indeed, call tliem eg^, 
for they perform the pai-t of such oiganisms ; but that 
these have soft walls, covered on tlieir whole external 
surface with fine vibratile cilia, by the action of which 
they are endowed with the power of free locomotion. 
We see them, in fact, glidmg about the water of the 
live-box trader view, with an even and somewhat 
rapid motion, which appea/rs to be guided by a veri- 
table will. Under this power they ai-e seen to be of a 
soft rich lalie-crimson hue, all over. 

These little gemmulee have a somewhat romantic 
history of their own. I am afraid that tliese we see 
are too recent to aiford us any help in tracing it, and 
tlierefore I must be satisfied with telling you what I 
have obseiTed of it on former occasions. 

After the beautiful little Coral Jelly has swnm 
about a few days, the umbrella begins to turn outward 
and backward, and to conti'act more and more, imtil 
at length, it lies in shrivelled folds around the top, 
leaving the whole peduncle exposed. Long before 
this, it has lost its power of swimming, and lies help- 
less on its side upon the bottom. Meanwhile the 
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orango ovaiies liave swollen; Uio purple gemnmles 
have become developed, and Lave gradually worked 
their way tlirough the ovaries, and fallen one by one 
upon the bottom. There then they glide about for a 
little time, perhaps for a day or so, by means of tlieir 
vibrating cilia. 

At length each little gemmiile loses its power of 
wandering, its motion becomes feebler, and more in- 
termitted, and finally ceases altogether. The little 
being now rests on some solid body — a stone or a 
shell — to which it firmly adheres. Its two extremities 
grow out, adhering as they extend, and sometimes 
branching, but still in close and entire contact with 
the support. At length, after a day or two, from some 
point of tlie upper surface of this creeping root, a 
kind of wart buds forth, and soon grows into an erect 
slender stem, which presently divides into four straight, 
slender, slightly divergent tentacles, which grow 
straight upward to a considerable length. Tlio whole 
structm-e retains the ricli purple huo of the original 
gemmule. 

Beyond this point I have not pui-eucd the history 
of the little T^^rris from peraonal observation ; nor am 
I aware that any naturalist besides has studied the 
development of this particnlar genus. But the history 
of otlier genera is known ; and as the phenomena they 
exhibit are quite parallel to tliose which I have been 
describing, so far as these have been traced, we may 
fairly conclude that there is the same parallelism in 
the Bubseq^uent stages. 

Assuming this, then, the little crimson stem with 
four rays — a veritable polype — buds forth four more 
tentacles in the interspaces, making the total number 



I ..Google 



.G8 AT THE MlCEOfiCOPE. 

oiglit; these in like manner increase progressively to 
sixteen, thirty-two, and sixty-four. It now possesses a 
close resemblance to the Hydra of our ditches, only 
having more tentacles ; and, like it, the Mednsa-larva 
bnds forth from its sides yonng Hydra^like polypes, 
which talie the form of their immediate parent, fall 
off, attach themselves, bud forth more, and so on. All 
these catch living prey with their tentacles, swallow 
them with their mouths, and digest them with tlieir 
stomachs, exactly like real polj-pes, and thns produce 
generation after generation of similai* beings. 

Tears may pass in this stage, during wliicli num- 
berless polypes are fonned. At length the original 
stock, or any one of its descendants, takes on an im- 
portant change. Ite body lengtliens, and becomes cut 
as it were into a number of rings, as if tied tightly 
round -nitli tiucid, ci hie the bodr oi an Annelid. 




^ 3 become increasingly distinct, until at 

length each is seen to be a shallow cup, notched at its 
margin, and sitting in the concavity of the one next 
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below it. This structure is developed first in those at 
the free extremity of the polype, and progreseiveJy 
downwards ; and the terminal cups ai'e nearly free, 
rocking in their successors with every wave, while 
the lowest segments ai-e scarcely visible as such. 

At length the extreme cup rocks and oscillates 
until the slender thread of connexion is snapped, and 
it is free. It at once turns itself over, so as to present 
its coTicavity downwards, and contracting its mai"gin 
with tlie well-known pulmonic spasm, shoots away 
with the movement as well as the form of a veritable 
Medusa. The little progeny has, at length, after 
passing tlirough so many changes, returned to the 
image of its parent. 

Such ai'e, in bnef, fhe phenomena of one of the 
mcffit remarkable series of facts that modern zoology 
has discovered, and which have been propounded 
under the title of the Law of Alternation of Grenera- 
tions. 
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It is pleasant to go down to the shore on a bright 
autumnal morning at low water, when tlie tide has 
receded tar, exposing great areas of wet sand and 
wildernesses of rugged rocks draped with black and 
led weed. It is pleasant to malie our way on eautione 
foot round some frowning point whose baae is neually 
beaten by the billows ; to travel among tlie slippery 
boaldei-s, now leaping from one to another, now wind- 
ing between them, now creeping under their beetling 
roofs: to penetrate where we have never ventured 
before, and to explore witli a feeling of undefined awe 
the wild solitudes where the hollow sea gi'owls, and 
the gi"ey gull wails. It is pleasant to get nnder the 
shadow of the tali cliffs of limestone, to creep into low 
arching eaves, and there to stoo[) and peer into tlie 
dark pools, which lie filled to the brim with water as 
clear as crystal, and as unruffled aa a well. "What 
microcosms are tliese rugged basins 1 How full of life 
all nnsuspected by the rade stone-cutter that daily 
trudges by them to and from his work in the marble 
quarry of the clilT above! What arts, and wiles, and 
stratagems are being practised thore 1 what struggles 
for masteiy, for food, for lifel what pursuits and 
flights 1 what pleasant gambols! what conjugal and 
parental affections 1 what vai'ied enjoyments ! what 
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births ! i^'hat deaths ! are every lioiir going on in these 
unrafSed wells, beneatli the brown shadow of the um- 
brageous oarweed, or over iJie waving slopes of the 
bright green Ulva, or among the feathery branches 
of the crimson Cermaium ! 

I have jnat been examining some of these rock- 
wells, and have rifled them of not a few of their living 
treasures, bringing home the opima apoUa,* that you 
may share with me in the enjoyment of examining 
them. 

The Zoophytes are here in their glory. Such places 
as tliose I speak of are the very metropolis of the 
zoophytic nation. Look at this great leaf of tlie fin- 
gered Tangle : see how its broad olive-browu expanse 
is covered witli tiny forests of white branching threads, 
which apread and spread till they mn off into the fin- 
gers of the much split leaf; and not only on one side, 
for the imder snrface is as densely clad with the shaggy 
burden as the upper ; the smootli leathery tissue being 
covered with a network of creeping roots, branching 
and anastomosing everywhere, like the railways on 
Bradshaw's map, 

Tills double forest is wholly competed of a single 
species, called Laomedea geniculata; nay, I believe it 
is but one single individual. That is to say, the whole 
of fliese multitudinous ramified threads and stems, with 
their innumerable polypes, have all extended by 
gi-adnal though rapid growth from a single germ, and 
all are connected even now, so that a common life per- 
vades the whole. But we will look awhile at it in detail 
tin we have mastered its external features, and then 
I will tell you something of its history and economy. 
« Rich spoils. 
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With tho unassisted eye we can discern plainly 
enough tho outliue and plan of this compound organ- 
iem. Along the smooth and lubricous surface of the 
olive weed runs a fine thread of a pellucid white ap- 
pearance, so firmly adherent that if you attempt to 
remove it with a needle's point, you find tliat you only 
tear either the leaf or the thread. The course is gen- 
erally in a straight line, but does not ordinarily pursue 
the same direction far, commonly turning off with an 
abrupt angle at intervals of about an inch, and thus 
meandering in a zig-zag fashion, very ii-regularly, 
branching frequently, and uniting with a tliread already 
formed, when the creeping one has to cross it. 

Thus the basal network is formed ; but raeanwlille, 
from eveiy angle, and often from intermediate points, 
a free erect thread h^ shot up — like the stem of a tiny 
plant- — to the height of an inch, rarely more ; not, how- 
ever, straight, but with frequent zig-zag angles, whence 
the name genioulata, or " kneed." At eveiy angle a 
slender branch is sent forth, pureuing the same direc- 
tion as that of the joint from the siimmit of which it 
issued, and terminating in a tiny knob. In the angles 
of some of these brauchlets are seated oblong vesicles, 
twice or thrice as large as tho terminal knobs. And 
this is pretty well all that we can make out with the 
naked eye. 

Cutting carefully off with scissoi-s a narrow strip of 
the leaf, I drop it into the parallel-sided cell of glass 
Jialf-filled with sea-water, and examining it flret with a 
low power, and afterwards with a higher. "We now see 
that the creeping tlu-ead is a tube of liornj' substance, 
flatteued on its under side, and tliat the erect stems and 
their branches are similar tubes, whose cavities are in 
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free communication with that of the creeping root. The 
wall is thin, and pei-fectly transparent and colourless ; 
the whiteness of the whole being dependent on a 6oft 
medullary core of living jelly, which, permeates the 
whole sti-ueture, on which tlie horny sheath is as it were 
moiilded. 

This medulla is pierced with a canal, through which 
a fluid circulates, carrying 
along numerouB minute gran- 
nies with a quivering, jerking 
motion ; this is doubtless the 
nntnent fluid conveying the 
products of digestion to every 
part of the coromon structure. 

Where the branches issue 
from the angles of the stem, 
the medulla, and consequent- 
ly the homy sheath, is dilated 
into a knob ; immediately 
aliove this there is a joint- 
like constriction in the tube, 
and the branch itself is in 
eected by four or five such , 
constrictions, so as to form as ' 
many rings. Its extremity tAouEDEi. 

then expands into an elegant cup, or vase, of extreme 
tenuity and ti'anspareney, shaped like a wine-glass, witli 
the rim undivided, but so thin and subtle as to be seen 
with the greatest difficulty. 

Tliese cups, or cells, are each the proper habitation 
of a polype, which is nothing else but the termination 
(in this direction) of the living, growing, vascular pith. 
Tlie latter becomes exceedingly attenuated to pass 
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through a very naiTow oi'ifice in the centi'e of a horny 
diaphragm, or sort of false bottom, -which passes across 
tlie bottom of each cell. It then dilates into a soft 
contractile animal, whose body— but look for yourself; 
for here, full in the field of the microscope, is one ex- 
panding in the highest vigour and beauty. 

It is a long trumpet-shaped body of granular flesh, 
tlie mouth of which just reaches the brim of the cup, 
over which it spreads on all sides. From its margiji 
Spring some eighteen or twenty tentacles — the exact 
number vaiying in different individuals — aiTanged in 
one or two close-set circles, like a crown. These or- 
gans, which, as you see, fall into elegant double cui-ves, 
like tlie branches of a chandelier, are i-oughened with 
knobbed, rings, something like the horns of a goat ; this 
structure we will presently submit to moro close ex- 
amination. 

In the midst of the apace surrounded by the ten- 
tacular crown there is proti-nded, at the pleasure of the 
animal, a lai-ge, fleshy, funnel-shaped mouth, the lips 
of which are highly sensitive and vei-satile, continually 
changing their form — protruding, contracting, bending 
in upon themselves, now closing, now opening the 
mouth, and, as it were, testing the immediate vicinity, 
like a veiy delicate organ of some unknown sense. 

The whole polype is much too minute for im to at- 
tempt, with any probability of success, the amputation 
of one of the tentacles with scissors. But by cutting 
off a polype, cell and all, and putting it into the com- 
presaorium, we may be able, by means of the gi'aduated 
pressure, to flatten the whole, and thus discern the 
gnai-led stracture of the tentacles. A very high mag- 
nifying power is needed for this. 
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Here, then, we have one of the tentacles flattened 
between the glass plates, but etill retaining its integi-ity. 
We find that the thickenings are similar in character to 
those of the tentacles of Sarsia, which we lately ob- 
served. They are, in fact, accumu- 
lations of cnidts — those peculiar 
weapons of power, which I shall 
presently describe in fuU^ — -but here 
they are eymmetiically an-aiiged in 
single rows, each pointing upward 
and outward. 

To retiirn to the living specimen 
on tho leaf: you see seated in the 
angles of the branches here and 
there elegant m-n-shaped cells, 
larger than the polype-cells, each 
with a sort of shonlder and a nar- 
row neck. The common pith passes 
from the joint into the bottom of 
these, and then extends through the centre till it reaches 
the mouth. In some of tlie urns this forms merely a 
slender colimm, expanding at the month, but in others 
it enlai'ges at irregnlai- intervals into large knobs or 
masses of grannlar flesh, which are confusedly gi-ouped 
together, eight or ten in one capsule. This latter is the 
most interesting condition ; let us watch it. 

"While doing so, let me infonn you that these urns 
are the reproductive organs, and the fleshy masses are 
embryos of pecuhar character, which are developed 
out of the nutrient medulla. The largest of those now 
under observation is, as you see, moving, and slowly 
working its way out of its glassy prison. Two or 
tliree flexible finger-like bodies are protruding from the 






fattened. 
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oriiice of the nrii, and more are joining tliem ; we see 
they are tentacles, protruded in a loose bundle, just as 
tlie polype emerges from the cell. 

It is a somewhat slow process ; hut at length the 
fleshy mass squeezes itself forth, as if pushed out by 
some contractile force behind ; while we see the fluids, 
carrying gi-anules, run into the parts of the tentacles 
which are already free. The embryo is liberated. 

For a few seconds it appears helpless, and falls 
through the water in a collapsed state, so tbat we 
cannot discern its proper form. It gives a spasmodic 
contraction or two, feeble at first, then more vigorous ; 
the tentacles lengthen, the body expands, and — ^lo ! it 
is not a polype, but a Jledusa ! 

And now take your eye for a moment from the 
microscope, and glance at this glass jar, in which the 
oai'weed with its colony of Zoophytes has been standing 
for a few hom-s. Hold it between your eye and the 
light ; do you not see that the water is alive with tiny 
dancing atoms ? Hundreds are there, playing and 
pumping through tlie fluid with a soi-t of flapping 
motion, which, when you get on sidewise in cleai- view, 
will not fail to remind you of the flagging flight of some 
heavy-bodied, long-winged bird. 'These ai'e the Me- 
dusa-shaped progeny of the Laomedea. 

But let us return to the one of wMch we have just 
witnessed tlie birth, and which is still flapping to and 
fro in the narrow glass trough. You see a pellucid 
colourless disk or umbrella of considerable thickness, 
about one-sixtieth of an inch in diameter in its average 
state of expansion. Its substance has a reticular ap- 
pearance, probably indicating its cellular texture. In- 
ternally, the disk i-ises to a blunt point in the centi-e. 



I ..Google 



zoornYTES. 381 

wliencG four teasels diverge to opposite points of the 
margin. These form elevated ribs, the surface being 
gradually depressed from each to the centre of the in- 
tei^paee. Externally, the centre of the disk ia produced 
into a fleshy peduncle, having a narrow neck, and then 
expanding into a sort of secondary disk, of a square 
form, with the angles rounded. This organ, which ia 
capable of vai-ied, precise, and energetic motions, cor- 
responds to the peduncle of a ti-ne Medusa, the angles 
being the lips. These lips, which correspond in their 
direction to the four internal ridges, are very protrusile, 
and when the little animal is active are continually be- 
ing thrust out in various directions, sometimes everted, 
hut more commonly made to approach each other in 
different degrees ; sometimes one being bent-in towards 
the centre, sometimes all closing-up around a hollow 
interior. - These four lobes, thus perpetually in motion, 
and changing within certain limits theirfoim and their 
relation to each other, remind one of the lips or the 
tongues of more highly organized animals. The sub- 
stance of this peduncle appears to be delicately granu- 
lar ; but there is a very manifest tendency to a fibrous 
character in its texture, the fibres being directed from 
the exterior towai'ds the interior, supposing the lobes to 
have their points in contact. 

Let us now look at the margin of tlie disk. Here 
are attached twenty-four slender tentacles, six in each 
quadrant formed by the divergent ribs, or radiating 
canals. Each tentacle springs from a thickened bulb, 
which is imbedded in the margin of the disk ; it is 
evidently tubulai', hut the tube is not wider in the bulb 
than in the filament. Tlie general surface ia rough with 
projecting points, which in some assume a very regular 
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mui-icate appeai'ance, and the tentacle terminates in a 
blunt point. The discal part of the bulb is fringed 
with a row of minute bead-like spbemlee. Around the 
edge of the circumference of the disk, on the exterior, 
are arranged eight beautiful and conspicuous auditory 
vesicles. They are placed in pairs, each pair being ap- 
proximate, and appropriated to each of the quadratures 
of the circle. Each of these organs consists of a trans- 
parent globe, not enveloped in the substance of the 
disk, hut so free as to appear barely in contact with 
it : it contains a single otolithe, of high refractive 
power, placed not iii the centre, but towards the outer 
side. The inexperienced naturalist, on first seeing 
these organs, would unhesitatingly pronounce them 
eyes, and the otolithe tlie crystalline lens. They are, 
however, pretty certainly, rudimentaiy organs of hear- 
ing ; the crystalline globule or otolithe being capable 
of vibration within its vesicle. Their exact counter- 
parts ai-e found in many of the smaller Medusce, as we 
lately saw in the Thmi/inantias. 

The disk is endowed with an energetic power of 
conti'action, by which the margin is diminished, ex- 
actly like that of a Medusa swimming ; and the ten- 
tacles have also the power of individual motion, though 
in general this is languid, their rapid flapping being 
the effect of the contraction and expansion of the disk, 
producing a quick involution and evolution of tlie mar- 
gin, and carrying the tentacles with it. Occasionally, 
however, all the tentacles are strongly brought together 
at their tips, with a twitching grasping action, like 
that of fingere, which is certainly independent of the 
disk, and may be connected witli tlie capture of the prey. 

Now every detail of the structure here, as well as 
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the general form, appearance, and habite, agrees witli 
the email naked-eyed Medusas, so closely, that if we 
had not witnessed the birth of the little creature from 
the reproductive cell of a Laomcdca, we should have 
pronounced it with unhesitating confidence a tme 
Acaleph. The peduncle, it is true, seems out of place 
being on the outside of the dome, iostead of hanging 
suspended from its interior ; but this difference is only 
apparent, and arises from the circumstance that the 
disk is reverted. If you suppose the edge of the disk 
to he turned in the opposite direction, you will have 
the peduncle in its normal place : the umbrella in these 
specimens is caii'ied within, and the suh-umhrella with- 
out ; an inversion which is probably accidental. 

Ooniparing now this strange production of a Medusa 
by a Polype, with what I lately told you of the pro- 
duction of Polypes by a Medusa (as in the case of the 
lovely little T'wrns), you will have some acc[uaintance 
■with the wondrous phenomena which have of late 
years been surprising and interesting naturalists — viz., 
those of the Alternation of Genei'ations ; in which as 
Ohamisso, the first discoverer of the strange facts, ob- 
served — " a mother is not like its daughter, or its own 
mother, hut resembles its sister, its grand -daughter, and 
its grandmother." The Polype gives birth to a gene- 
ration of MeduBEB which lay eggs, which develop into 
Polypes. The Medusa on the other hand lays eggs 
(gemmules), which develop into Polypes, which at 
length divide themselves into colonies of Medusfe. 

At first you will perhaps see nothing remarkable in 
another object which I collected in my rock-ramble to- 
day. A Hermit-crab in an old Natica shell ; both 
common things enough. Yet look more nan-owly. 
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The greater portion of the shell ie not smooth, has no 
such porcelain-like polish as the Ifatica usually has, 
bnt is clothed with a sort of downy nap, a coarse 
sponginess of a gi'eyish hue, splashed with yellowish 
and pink tints. The shell is invested with Hydrac- 
iinia. 

We restore the strange partnership — shell, fleece, 
and crab— to the glass of sea-water ; where we soon see 
the whole tumbling about the bottom in uncouth 
agility. Assist your eye with this pocket-lens, and 
look again. The shaggy nap upon the shell now bristles 
with tall slender polypes, crowded and erect, hke ears 
of com in a field. 

No high power of magnification is necessary to 
furnish us with considerable entertainment from this 
populous colony. The polypes stand individually 
nearly half an inch in height; each consists of a 
straight slender column, suraiounted by eight straight 
rod-like tentacles, four of which stand erect, slightly- 
diverging, and the otlier four, alternating witli these 
at their origin, extend horizontally lite the arms of a 
turnstile. 

The rough jolting of tlie crab over the stones the 
expanded polypes bear with ecLuanimity ; they are used 
to it; and though their tentacles wave and stream 
hither and thither, they are not retracted on this 
account. But just touch with the point of tlie pencil 
in your hand any part of the shaggy fleece, and in- 
stantly the whole colony retire together, as if by a 
common impulse, apparently shrinking into the sub- 
stance of the shell. Yet tliey soon re-appear, one after 
another tjuickly protruding its closed tentacles, which 
are presently expanded as before. 



I ..Google 



The explanation of this phenomenou is, that the 
whole colony of polypes are but the free points, or 
feeding mouths of a common living film, which inveata 
the slieli ; jiist as in Lo/>medea, the. polypes that in- 
habit the vase-like cells ai'e the off-shoots or free points 
of tlie common medulla. 

Tlio investing film will sometimea in captivity spread 
upon the glass side of a tank, and then develop all the 
polypes and organs proper to the complete organism. 
When this is the case, an admirable opportunity is 
presented for studying with ease and precision the 
economy of tlie creature ; and it ia to the skill with 
which Dr. T. Strethill Wright has availed himself of 
each an opportunity* that I am indebted for tlio chief 
part of the facte that I am going to tell you, connected 
with the form and appearance, of which you can bere 
judge for yourself. 

The spreading film or polypary is a tliin coat of 
transparent jelly, alightly coloured with varioua tints, 
which secretes and deposits within its substance a 
still thinner homy layer of chitine. Tliis rises here 
and there into numerous spines and points, which are 
curiously ridged with toothed keels ; and these ridges 
run in vanoua directions over the horny layer also, 
making a fine network over it. The investing 
flesh, however, fills up all the cavities and areaa so 
inclosed. 

Tho mode in which the polypary increases is by 
throwing out from its edge a creeping band, exactly 
analogous to the root-thread of the Zaomedea. This 
" propagative stolon, after leaving the point of its 
origin, increases i-apidly in diameter, and sends out 
* See Edin. New PhQoaophicftl Journal, for April, 1857. 
17 
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iiTegular branches. Eie tips of these branches are 
covered with a glutinous cement, by which they 
attach themselves tenaciously to glass, or other siuface 
near them. Having attaclied themselvesj they expand 
laterally, at the same time throwing out linger-like 
prolongations, which, as they come in contact with 
each other, coalesce, until a fleshy plate is found 
adherent to the glass. Polypes ai'e developed both 
from the loose branches and the attached polypary ; 
and the latter ia clearly seen to be permeated by a 
beautiful ayateni of anastomosing canals, connected 
with the hollow bodies of the polypes. Within these 
canals may be detected an intermittent flow of fluid, 
containing particles, the dancing motion of which 
indicates the presence of ciliary action, and which, 
having passed in one direction for a short time, ai-e 
ari'ested, and after a slight period of oscillation, com- 
mence to flow in an opposite direction." 

The polypes which are developed from this living 
cai'pet are not all of the same form. No fewer tlian 
five distinct sorts exist, at one and the aame time, and 
I doubt not wo shall be able to find and to identify 
them all, on this well-grown specimen, 

!First, there are the alimentai-y polypes, wiiich we 
have already cursorily glanced at. Within the space 
inclosed by the two circles of tentacles, there is a 
mouth with soft protrnsile lips, which can be pushed 
out and folded back so as to hide tentacles, column, 
and all. 

Scattered amongst these wo see numerous polypes, 
which agree in general form with these, but with some 
remarkable abstractions and additions. They have no 
mouth nor stomach, and the tentacles are reduced to 



I ..Google 



ZOOPHYTES. 



the smalleBfc possible warts or protulierances denticula- 
ting the dilated tip. But the additions are still more 
peculiar. From the middle part of the column a 
number, from four to nine, of great oval sacs pro- 
ject, each attached hy one end, while the other 
stretches out horizontally, thus surrounding the slender 
column. Each of these sacs is an ovarian eapeulo, and 
contains several ova of a brilliant yellow or crimson 
hue. Thus we have the second form, — that of the 
reproductive polypes. 

In some places single ovarian capsules stand up 
alone from the fleshy carpet, agi-eeing in every respect 
with those which we have just examined, except that 
they are senile, instead of heing earned by a polype. 

The fourth form is that of the tentacular polype. 
Here and there, from amidst the forest of shorter 
polypes, — alimentary and reproductive, — white threads 
are seen pTOtmding, which extend to a length fom- 
or five times as groat as theirs, and hang down or 
loosely float in the water. They are found on the 
outskirts of the whole comi^onnd structure, and at 
eacli cxti'cmity of the long diameter of the mouth of 
the supporting shell, so that they must, in their 
natural condition, reach to the ground, along which 
the crah-tenanted shell is carried, enabling the Zoo- 
phyte to seize and appropriate the atoms scattered by 
the crab whenever he takes hie meals. The tips of 
these organs are covered with a dense pavement ot 
largo thread-cells ; and they must doubtless perform 
the ofBce of general purveyors to the composite 
animal. 

But still more remarkable, more extraordinary than 
all we have been considering, are the objects which 
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are now in view in the field of tlie microscope. 
You Bee a number of bodies, which Dr. Wright calls 
ophidian or spiral polypes, and wliich, as he ti'uly 
observes, are "like small white snakes, closely coiled 
in one, two, or three spirals, and grouped immediately 
round the mouth of the ebell." The habits of these 
polypes are still stranger than their forms. "When 
touched, they only draw their folds more closely 
together. But if any part of the polypary, however 
distant from them, be irritated, the spiral polypes 
uncoilj extend, and lash themselves violently back- 
wai'ds and forwards, and then quickly roll themselves 
up again ; and that not irregularly or independently of 
each other, but all together, and in the same direction, 
as if moved by a single spring. A violent laceration 
of the polypary causes these polypes to remain extend- 
ed and stretched like a waving and tremulous fringe 
across the mouth of the shell, for several minutes. The 
ophidian polypes (evidently a barron modification of 
the reproductive polype) ai-e never found in any 
other situation on the polypary than in that before de- 
scribed, or round the mai-gins of accidental holes in 
the shell. They have no month, and the tentacles are 
rudimentary. The walls of the body are very trans- 
parent, from the extreme vacuolation of tho Inner 
tissue. The muscular coat, as might be expected from 
the active movements of the polypes, is highly de- 
veloped, and forms a beautiful object on the dark 
polarized field of the microscope, each spiral coil shin- 
ing out as a bright double ring, divided by four dark 
sectors. The outer tissue of the whole body and ten- 
tacles is crowded with tho larger thread-cells. The 
ophidian polypes are, doubtless, organs of defence or 
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offence, like the motile Bpines and bird's head pro- 
cesses of the Polysoa, or tJie pedieellarise of the 
EcMnodermata ; but it is difficult to assign a reason 
for their peculiar situation. They vaiy much in num- 
ber and size in different specimens of Hyd/faoimia, but 
are rai-elj altogether absent." * 

The reflections of the able zoologist who firet 
called attention to these varied developments, and his 
comparisons of them witli those of another polype-form 
which we have lately been observing, are so interesting 
and insti'uctive that you will not deein it needful that I 
should apologize for citing them. " la our considera- 
tion of the Sydractinia^' he observes, " our attention 
is arrested by the multitude of objects grouped together 
to constitute a single animal, their variety in form, and 
the sympathy which subsists between the different 
parts. The singulai- spinous skeleton ; the expanded 
membrane of the polypary, with its beautiful internal 
network of tubes and delicate peiipheric prolongations ; 
tlie alimentary polyps, some white and fUiform, others 
thick, fleshy, crimson, or yellow sacs, obligingly 
everted, to expose their interior to our microscopic 
eye ; tlie reproductive polyps, with their riclily- 
coloured generative sacs ; the senile generative organs 
of the polypary; the ophidian polyps, coiled in neat 
spirals when at rest, but starting into furious action, 
like a row of well-drilled soldiers, when injury is in- 
flicted on the body to which they are attached ; and, 
lastly, the tentacle polyps, floating in the water like 
long and slender thi'eads of gossamer, or dragging 
up heavy loads of food for the common good ; — these, 
together with the intimate relation and sympathy sub- 

" Dr. Wright, op. oit. 
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sisting between tlie polypary and its associated organs, 
all combino to form an object of the bigliest in- 
terest, and indicate that, in this fixed yet travelling 
zoophyte, wo have a type of structure transitional 
between the dendritic Ilydroidw and the more highly 
organized Acaleph. In the simplest acalephoid form, 
such as the medusoid of Ocytwpmmla/na [or Lacmedea^ 
(which is nothing more than an extension of the poly- 
pary specially organized for independent and motUe 
life,) we have {i^ in Hydrax^nid) an expanded poly- 
paiy, represented by the umbrella, and permeated 
by vascular tubes from the confluence of which last 
spring, at the centre, the tentaciilar polyps, various in 
number; and between them the reproductive polyps, 
represented by the sessile generative sacs." * 

Ton see here a jai-, on the glass side of which 
are traced a number of very fine white lines, barely 
discernible by the unassisted eye. But by the aid of 
the lens yon see that each line is a. long and slender 
thread, which creeps along tlie glass, and at length 
starts out from it free for a short distance, and is then 
terminated by a long club-shaped body, which canies 
at its exti'emity four horizontally divergent organs, like 
the arms of a turnstile. Ti'acing down the tlireads to 
their lower extremities, you see that they are branches 
of one thread, which creeps irregularly over a filamen- 
tous sea-weed gi-owing from a stone in the jar. The 
sea-weed had been in the vessel for several weeks, and 
the water having been undisturbed, the knobbed 
thread, which was originally confined to the plant, 
continued to grow, and coming into contact with the 
glass spread upon it. Many other tlu'eads have ex- 
* Ibid., op. cit. 
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tended from the creeping root, some of which stand up 
freely in the water, -with their knobbed extremities 
floating in the wave. 

This is one of the Polype tribe, named Stauridia 
producta, and as its form and structure are interesting, 
we will devote a few moments to its examination. 
"We can easily sever one or two of the freely floating 
threads, and ti-ansfer tlie amputated portions to one of 
the live-boxes of the microscope. The motions and ap- 
pearance of tlie club with its organs will be, for a 
while, little affected by the violence. 

The long cylindrical thread is enveloped in a trans- 
parent horny tube, which, however, so closely invests 
it, that it is with diiSculty distinguished. Tlie club- 
shaped bead, or individual polype, is an enlargement 
of tlie thread, which protrudes from the investing tube. 
It is swollen in the middle and rounded at the end, and 
many of the heads, which are more ventricose than the 
rest, contain a bubble of air in the centre. This air is 
doubtless taken in at the mouth, which is situated at 
the extremity ; for, though you can discern no perfora- 
tion, yet thei-e is an aperture capable of being opened 
widely at the pleasure of tlie animal, and surrounded 
by protrueile, contractile, and expansile fleshy lips. 
I have several times seen this moutli opened, and 
partly everted, in kindred species ; and once I had 
an opportunity of witnessing a quite nnexpectcd use to 
which it was applied, via. that of a great sucking disk. 
I had put the animal in such a live-box as this — the 
two glass surfaces being just sufficiently wide apart to 
allow it free liberty to turn about in all directions as far 
as it wielied. On my looking at it after a momentary 
interval, I saw tliat the extremity had suddenly be- 
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come a large circuiai" disk of thrice tlie diametei' of tlie 
body : its substance was gelatinoua, full of oblong 
granules, ai-ranged concentrically. I neither saw this 
disk evolved nor retracted ; but after some time, on 
looking at it, the same phenomenon was repeated. In 
oiMler to obtain a better sight of it, but without sus- 
picion of what I.was about to effect, I slightly turned 
the tube of the box, can-yiug witli it the alga to which 
the polype was attached, my eye upon it attentively 
observing all the time. The base of tlie polype moved 
away f]"om its position, but the broad disk was im- 
movable. I continued to turn the upper glass, until 
at length the body was dragged out so as to be con- 
siderably attenuated ; stiU the disk maintained its hold 
on the lower gla^, with no other change tlian that 
of being elongated in tlie direction in which it was 
dragged At length it slowly gave way, and resumed 
its oiigmal shape by gradual and almost imperceptible 
diminntiun of the circnmference. 

Around this expansilOj but now fast-closed mouth, 
you obseive four tentacles, radiating in a plane at 
right angles to the axis of the thread, towards the four 
cardinal points; they are long, slender, straight, and 
each is terminated by a globose head of considerable 
size, resembling the arms of certain screw-presses, 
which ai'e loaded with tei-minal globes of metal to in- 
crease their impetus when turned. 

The structui'e of these tentacles is very interesting. 
The stem contains a core or central chain of large cells, 
which take a somewhat scLuare outhne from mutual 
pressure. The surface is roughened with small swell- 
ings, from each of which projects a long and excessively 
attenuated hair (j>alj>ocil), which is probably a very del- 



I ..Google 



zooPHY'rER. 393 

icate organ of touch. The terminal glohe is filled with 
p]-oportionally large oval vesicles, each -with a central 
cavity, which are arranged in a divergent manner 
around tlie centre, so that their tips shall reacli the sur- 
face of tlio glohe ; these are those potent weapons of 
offence called tliread-cells {cnidm). Tlie surface of the 
globe is covered with short thick palpocils, which Dr. 
T. S. Wiight considere as prehensile organs, 
palpocils arise, each as a 
somewhat rigid process, €>'= 
from the side of one of the 
large thread-cells, buried 
in the head of the tentacle ; 
and they probably convoy 
an impression from bodies 
coming into contact witli 
them, to the thread-cell, 
causing the extrusion of 
its duct." 

Besides these globe- 
headed tentacles, there 
are, on the lower part of 
^6 club-foot, four other 
organs similar in every 
respect, except that they BTiUBiDis 

are not furnished with 

heads, nor any terminal dilatation whatever. They 
project horizontally as the knobbed ones, but their ori- 
gin, and the respective lines of tlieir radiation, are in- 
termediate or alternate ; in other words, if wo consider 
the globe-heads as pointing N.-E. S. and "W"., the sim 
pie ones point iJ".-E., S.-E., S.-W., and N.-W. 

From tlie carefully made observations of t 
17* 
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excellent natiu'alJBts — as Dojardin, Steeiistrnp, DalyeU, 
Loven, and otiiei'S- — it appears that thia beautifal and 
elegant little Polype gives birth to medusa-ehaped 
young. Contrary, howover, to the rule in Laomedea, 
tiie Hedusa is in this case pushed forth aa a bud 
from the aide ot the club, without any protecting cap- 
sule. The pioccsb 18 exceedingly like a plant develop- 
ing a flower , foi the hud grows until it at length 
expanda blobiom hi.e, and a beautiful little umbrella- 
form Medusa i-, seen adhering to the Polype, At 
length the brilliant little living flower becomea detach- 
ed ; and, after swimming freely for a time, discharges 
ova or gemmulea from its ovaries, which develop into 
a ere e,ping-root- thread, and finally into the club-headed 
threads of the StawiMci. 

Some objects which I have to exhibit to yon ai-o 
altogetlier imiqne as to their appearance ; and, if you 
ai-e not as imperturbable aa a philosopher of the Stoo., 
or a Mohawk Indian, will certainly excite both your 
risibilitj' and your wonder. 'For some little time I have 
been keeping in this tank a specimen of that rather rare 
and very interesting Sabella, the Amphitrite vesiculosa 
of Montagu.* Yon see it is a worm, inhabiting a sort 
of skinny tube, much begrimed with mud, about two 
inches of its length being exposed ; the remainder, or 
about as much more, being concealed among the sand 
and sediment of the bottom, 

A beautiful object is presented by the gill-fans of 
thia worm. These organs are always elegant, whatever 
epeciee of the genus is before us ; but here, in addition 
to the charm of the slender filaments, so delicately 
fringed with their double comb-like rowa of cini, the 
* Linn. Trans. li. 19. 
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tip of each beai'S a dark purple spherule. That of tlie 
anterior filament on each side ia much larger than tlie 
rest, and forms a stout, globose, nearly black ball ; the 
others diminish to about the twelfth on each side, where 
they disappear. These balls are placed on the inner or 
upper face of the filament-etem, at the point where the 
pectination ceases, the stem itself being continued to a 
slender point beyond it, and constituting the " short 
hyaline appendage" of Montagu. From their great 
resemblance to the tentacle-eyea of the Gasteropod 
lIolluBca, I have little doubt that these are organs of 
vision. K bo, the profusion with which the SaheUa is 
fnrnished in tills respect may account for its excessive 
vigilance ; which ia so great, that not only will the in- 
tervention of any substance between it and the light 
cause it to retire, but very frequently it will dart back 
into its tube almost as soon as I enter the room, even 
while I am ten feet distant. 

It is not, however, to the tube, nor to the worm, 
that I wish specially to direct your attention : yet it is 
necessary that I say a preliminaiy word about the for- 
mer. Oi-dinarily the tubes of these worms are formed 
of the fine impalpable earthy matters (clay, mud, &c.) 
held in suspension in the sea, incoi-porated with a chiti- 
nous secretion from the body of the animal ; and there- 
fore the surface of the tube is always rough and opaquo. 
But in tills individual case, probably owing to the habit- 
ual stillnesa of the water in tlie vessel not holding in 
suspension the particles of uiud that ordinarily enter 
into the composition of the tube, the latest-formed poi"- 
tion is composed of pm-o transparent cMtine, without 
any perceptible earthy element. This clear terminal 
portion of the tube you may perceive to be occupied 
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by a curious parasite. About twenty bodies, liaving a 
most ludicrously closo resemblance to the human figure, 
and as closely imitatiug certain human motions, are 
seen standing erect around the mouth of the tube, now 
that the Sahella has retired into the interior, and are 
incessantly bowing and tossing about their anns in the 
most energetic mannei". 




As soon as you have recovered fi'om yonr stu'prise at 
this strange display, we ■will begin to examine the per- 
formers more in detail. A slender creeping thread, 
irregularly crossing and anastomosing, so as to form a 
loose network of about threemeshes in width, sun-oimds 
the mai'gin of the Sabella's tube, adhering firmly to its 
Gxtenor surface, in the chitinons substance of which it 
seems imbedded. Here and there free buds are given 
off, especially from the lower edge ; while from the 
upper threads spring tlie strange forms that have at- 
tracted our notice. These are spindle-shaped bodies, 
about ^oth of an inch in height, whose lower extremi- 
tities are of no gi'eater thickness than the thread from 
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■which they apTing ; M'itli a head-like lobe at the summit, 
sepai'ated from the body by a constiiction, immedi- 
ately below which two lengthened arms project in a 
direction towards the axis of the tube. 

Such is the external form of these animals, and 
their movements ai'e still more extraordinaiy. The 
head-lobe of each one moves to and fro freely on the 
neck, the body sways from side to side, but still more 
vigorously backward and forward, frequently bending 
into an arch in either direction ; while the long ai-nis 
are widely expanded, tossed wildly upward, and then 
waved downward, as if to mimic tJie actions of the 
most tumultuous human passion. 

Whenever the Sahella protmdes from its tube, these 
guardian forms are puslied out, and remain nearly in 
contact with the Annelid's body, moving but slightly ; 
but no sooner does it retire tlian they begin instantly 
to bow forward and gesticulate as before. These move- 
ments are continued, so far as I have observed, all tlie 
time that the Sahdla is retracted, and are not in any 
degree dependent on currents in the sun-ounding water, 
whether those currents be produced by tlie action of 
the Annelid or by other causes. They are not rhyth- 
mical ; each individual appears to be animated by a 
distinct volition. 

Applying a higher magnifying power than we have 
yet used to the animals, we find that the head-lobe en- 
closes a central cavity ; that the arms are also hollow, 
with thick walls, marked with transverse lines, indicat- 
ing flattened cells, and muricated on the exterior ; and 
that the body contains an undefined, sub-opaque nucleus, 
doubtless a stomachal cavity. 

I cut out, with fine scissore, a segment of the tube, 
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ineludiiig two of the parasites, with the portion of the 
network of threads that carried them. They have he- 
come immediately paralysed by the division of. the 
threads, but those that remain on the tube are unaffeet- 
ed by the violence. Subjecting one of the animals so 
cut out to the action of the compressoritim, with a 
power of 560 diameters, the arms are seen to be formed 
of globose cells, made slightly polyhedral by mutual 
pressure, set in single series. The interior of these 
organs is divided by partitions, placed at intervale of 
about the diameter. Some at least of the cells contain 
a small bright excentiic nucleus. 

When the tissues were quite crushed down by the 
pressure of the compressorium, a quivering motion was 
visible amoug the disjointed grannies, but it was very 
slight, E"o trace of Oilia, nor any appearance of ciliary 
motion, was perceptible during life. 

When I first discovered these strange beings, I was 
as much astonished by what I saw as yon are ; nor 
conld I imagine to what class of animals Hiey were to 
be referred. N'either did I know whetlier their presence 
on tiae tube of the worm was a mere accident, or 
whether it indicated a predominal instinct. On both 
these points, however, light has been shed. 

This lai-ger SaieUa tube was not the only one hi- 
fested with the parasites. I observed them on at least 
two smaller specimens of the same species, in the same 
situation, and with precisely the same movements. 
The extremity of one of these smaller tubes I cut wholly 
oif, and placed in the live-box of the microscope. Two 
of the parasites only were on it, which were active at 
first, but in about an hour— -probably from the exhaus- 
tion of the oxygen in the email quantity of water in- 
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closed — tlie decomposed, oi' rather disintegrated, the 
outline dissolving, and the external cells becoming loose 
and ragged, and the whole animal losing its definite 
form. 

One of these specimens, however, while yet alive 
and active, afforded me an ohservation of value. I had 
already associated the form eonjecturally with the 
Hydroid Polypes, and was inclined to place it in the 
family Corynidfs, considering the arms to he tentacles, 
and the head-lobe to be homologous with them in 
character, but abnonnal in form. It appeared to be a 
three-tentacled Oo7yne, with the tentacles simple instead 
of capitate. But while I was observing the individual 
in question, I saw it suddenly open the head-lobe, and 
unfold it into the form of a broad shovel-shaped expand- 
ed disk, not however flat, but witlx the two halves in- 
clining towards each other, like two leaves of a half- 
opened book. This immediately reminded me of the 
great sucking-disk which, as I lately told you, I had 
seen evolved from the obtuse summit oi StauHdia fro- 
ducta, and confirmed my suggestion of the natural 
affinities of the form. 

Altogetlier unlike, in their shape, and in the iin- 
wonted vivacity and peculiarly human character of 
their movements, all the otlier members of their natu- 
ral family tliat I had ever seen or heard of, these cu- 
rious creatures have afforded much entertainment, not 
only to myself, but to those scientific friends to ■whom 
I have had opportunities of exhibiting them. When I 
see them surrounding the mansion of the SaheUa, gazing, 
as it were, after him as he retreats into his castle, fling- 
ing their wild ai-ms over its entrance, and keeping 
watch with untiring vigilance until he reappears, it 
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seems to require no very vivid fancy to imagine tliem 
so many guavdian demons ', fmd tiie Laves of the old 
Roman mythology occurring to memorj', I deswibed 
the foi'in under the scientific appellation oiLar Sahella- 
rum. You may, however, if it pleases you better, call 
them " witches dancing round the charmed pot." 

Tlie Polypes that we have as yot been looking at 
are all of simple structure individually, though some 
of them we have seen united into a very populous com- 
munity of compound hfe. We will now look at some 
whose organization is of a higher, that is, more complex 
character. 

On this old worm-eaten oyster shell which has been 
dredged up from the bottom of the sea, you observe 
several rounded lumps. They are of a cream-white hue, 
of somewhat solid textnre, towgh and hard to the touch, 
and studded all over with shallow depressions or pit- 
tings. The lai'geat of these ie not more tian an inch 
and a half in height, by two-thirds of an inch in tliick- 
ness ; but specimens often occur of twice or thrice 
tliese dimensions, and much more divicied than this ; 
sometimes forming a rude resemblance to a hand of 
stumpy round fingers of sodden flesh — whence the 
fishermen call the object, "Dead men's fingers," or, 
sometimes, by a comparison equally apt, " Cowe' paps." 
To zoologists it is known as AlGyonmm digitoMim. 

Certainly there is nothing very atb'active in these 
white lumps, as they now appeal- ; but then they are 
now in undress ; they do not expect to see company 
out of water. Their drawing-room is beneath the 
waves, in some submerged cave of ocean, where the 
sun's ray never penetrated, and where the only light 
is that dim green haae reflected from the sand and 
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shingle of the sea-floor, save when, on gala 
perchance, the Laoniedem that fringe the walla light xip 
tlieir myriads of fairy lamps, and tlie tiny Medusm 
crowd in to the watery festivities witli tlieir elflah 
circlets and spangles of living flame. It is then that 
the Cows' paps " take their hair out of paper," and dis- 
play their loveliness to advantage. 

Unfortunately, we have no cai'd of invitation to these 
suhmaiine routs, but perhaps we may induce one of the 
more juvenile of these beauties to indulge us, as a 
special favour, with a sample of the eifeet ; particularly 
if we can improvise a hall-room suited to tlie occasion. 
Let us try. 

Selecting the very smallest specimen — a tiny thing 
no larger than a pea — ^I try to detach it without inj my, 
by inserting the tip of my pocket-knife under the 
frilled lamina of oyster-shell on which it rests, and 
working off the fragment. I have succeeded : here it 
is ; its attachment unbroken ; it is still firmly adlierent 
to the severed slice of shell, which is so small that I 
can drop it with its burden into this narrow trough of 
glass. Tlie wliole concern — trough, shell, and polype 
— is now to he dropped into this capacious jai' of freshly 
dipped sea^water, and put away for an hour into a dark 
closet. 



Now let us see the result. Yes, it is as I expected. 
The imited stimulus of the darkness and the eea-water 
has acted on tlie Cow's pap, just as would the rising 
and covering tide in its native cavern, after it had 
been left exposed for aome hours \iy the recess of tlie 



I ..Google 



402 EVEHINGS AT THE MICKOSCOrE. 

sea. It is fully expanded, and is now as lovely as just 

In the fii'st place it is swollen to twice its formor 
dimensions, and has accLuirod at tho same time a semi- 
pellucidity, and a more delicate hue. Bat in place of 
the pits on the aui-faee (there were not more than half 
!i dozen in tliie little specimen, which makes it more 
suitable for examination), it is covered with tall polypes, 
Btanding out on all sides, of crystalline cleamees and 
Btarry forma, each eminently beautiful in itself, and 
surrounding the whole mass with a sort of atmosphere 
of almost invisible and impalpable lustre peculiarly 
channing. 

Ooy as these deep-water strangers ai'C of displaying 
their beauties in oiu- glaring aquariums, they will bear, 
when once they a/re expanded, a good deal of shaking 
with eciuauimity. Hence I maybe able to ti-ansfer the 
trough with its contents from the jaa- to the stage of the 
microscope, and thus enable yoti to gaze on its details 
for a little while, before the diill sensorium of the 
creature is sufficiently warned of its ungenial position 
to cause it to shut itself up and resume its ugliness. 

As the protruded polypes are exactly alike, it will 
be enough to confine our attention to one. It is an 
elevated tubular column of translucent substance, ter- 
minating in an expanded flower of eight slender pointed 
petals, which spring outward with a graceful swell, 
so as to give the form of a shallow bell to the general 
outHne. The base springs, like the foot of a ti-ee, from 
the margin of a cell, which penetrates the substance 
of the mass, into which we can see far down, and into 
which the whole of the now extended and t 
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blossom was ■withdrawn when we first eaw it, leaving 
only the shallow depression to mai-k its situation. 

The form of the column is in general that of the 
trunk of a tree, or that of a long cone ; but there is a 
sudden consti'iction jnat above the base, and another 
below the point, where wliat may be called the flower 
expands. It is the petals of this latter which consti- 
tnte the principal ebai-m of this creature. They are, 
properly speaking, the tontaelcs of the Polype, answer- 
ing in fanction and petition to those on the Laomedea, 
but differing considerably from them in form. Each of 
the eight is thick and broad at its origin, and qnickly 
tapere to a point : on each of two opposite sid^ — viz. 
those which look towai'ds the two adjoining tentacles, 
runs a row of delicately slender filaments, which at the 




middle part of the tentacle are moderately long, but 
diminish regnlai^ly as they approach either end. Start- 
ing from the side of the tentacle, in the plane of its 
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ti'ansverse diameter, these elegant pinnae presently arcli 
downwards, but with perfect uniformity and symmetry. 
By means of the high magiiifying power which I have 
now applied, each of these pinnae is seen to he rough- 
ened with whorls of knobs, which are accuniulatione 
of cnjdfe, analogous to those which we lately demon- 
strated in the tentacle of I^aa?iiedea. 

In the midst of the area sun-onndcd by the petal- 
like tentacles, a narrow slit opens into the stomach. 
This organ is a flat sac, resembling an empty pillow- 
case hanging down in the centre of the column, and 
open at tile lower end. Fi'om this end, which does 
not extend to more than one-sixth of the depth of the 
cavity, three threads, much convoluted and irregidarly 
thickened, spring off at each side and ai-ch downwards, 
for a short distance. These are the reproductive or- 
gans, which fiinge tlie free edges of as many delicate 
membranes which run up as perpendicular partitions 
between the stomach and outer wall, uniting with 
both, and thus dividing the space surrounding the 
stomach into chambers open at the bottom. There 
are eight of these septa, but one on each side is desti- 
tute of the fringing convoluted thread. 

The whole surface of the interior — ^the walls, the 
stomach, and the septa — is clothed with iine vibratile 
cilia, by the action of which constant currents are 
maintained in the water, which bathes every part of 
the cavity, freely entering at the mouth. We can 
distinctly trace these ciliary currents hurling along 
with irregular energy the p]-oducfs of digestion, in the 
form of translucent gi-anules, especially along the 
edges of the septa. 

Though the substance of the polype be soft and 
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flexible, it contains solid elements. Just below the 
expansion of tlie tentacular bloesom, we eee imbedded 
in the sldu a vast aggregation of calcareous spiciila. 
Individually, these are veiy minute, and their form is 
swollen in the middle, and taper at each extremity, 
the whole roughened with projecting knots. Collec- 
tively, they are grouped in regular forms, crowded 
into dense masses at the foot of each tentacle ; the 
maes having a three-pointed outline, of which the 
central and largest point runs up into the tentacle. 

Towards the lower region of the column, spicnla 
again occur, scattered throughout tlie skin, and crowd- 
ed into groups, one on each interseptal space. These 
spicula ai'6 of a veiy different shape from the upper 
ones ; for they form short thick cylinders, with each 
end dilated into a star of five or six short branches, 
which are again starred at their truncate ends. 

If we now sacrifice our littlo Cow's pap to our 
scientific curiosity, we shall see soraetliing of its in- 
ternal sti-ucture. When removed from the water, tlie 
blower-like polypes soon reti-act. I now cut open 
the mass lengthwise with a keen knife, and you see 
that it is permeated by canals running from the base 
towards every part of the circumference; dilating here 
and there to form the cells which proti'ude and retract 
the polypes. This is a complete system of water- 
snpply : the surrounding sea-water entering at the 
mouths of tlie several polypes, bathes tlie whole 
interior, and conveys oxygen and the products of 
digestion together to every part of the compound 
organism. 

The fleshy substance which surrounds tliese canals 
is of a loose spongy character, and grates beneath the 
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knife ; a eircmnstauce which is owing to tlie predom- 
inanco of the calcareous element here, as you will see 
when I extract a small portion of it, and, laying it on 
a slip of glass, treat it with caustic potass. The micro- 
scope now reveals a large number of spicnla, far 
larger than those we have hitherto observed, and dif- 
ferent from either sort in form. These resemble very 
gnarled branches of oak, with the hraiichlets broken 
off close to their ongin, leaving ragged and starred 
enife. 
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CHAFTEE XIX. 
sea-anemones: theik wbapoks. 

A VEKY vast amount of the energy of animal life is 
spent either in making war, or in resisting or evading 
it. Offence and defence are sciences which the infe- 
rior creatures can in nowise neglect, since all are 
interested in one or other, and many in both; and 
various ai'e the arts and devices, the tricks and sti-ata- 
gems, the instincts and faculties, employed in that 
eai-nesfc strife which never knows a suspension of hos- 
tilities. All classes of animals, invertebrate as well as 
vertebrate, are waiTiors by profession: the Spider is 
as caraivorous as the Lion, and more strategic ; and 
tlie invisible Erachion is as ruthless and insatiable as 
either. 

An enumeration and description of the divei'se 
weapons, by means of which this trnceleas wai-fai'e is 
carried on, would make a volume: nor would the 
subject be then exhausted; for since it enters so 
largely into the very existence of animal life, the 
discoveries of advancing science are ever bringing to 
light new forms and modifications, strange and unex- 
pected contrivances, all calculated to enhance our 
view of the inexhaustible resources of the Lord God 
Omnipotent, " who is wonderful in counsel, and excel- 
lent in working." 
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I am going to bring under your notice this evening 
some highly curious examples of animal weapons, of 
which the veiy existence was nntii lately altogether 
unsuspected ; yet so profusely distributed that tliey are 
eminently characteristic of the two great classes of 
animals we have been recently considering— viz., the 
MednsEe and the Zoophytes. They have repeatedly 
fallen under oiu- observation in examining the speci- 
mens of these creatures which we had selected, bat I 
had reserved the fuller elucidation of them for an occa- 
sion in which they should come before us under cir- 
cumstances of such imusual development as greatly to 
facilitate our researches. The weapons I speak of are 
the cmd^ or nettling-cells. 

Look at this beautifal Scariefc-f ringed Anemone 
{Sagwrta mimata), expanding to the utmost its disk 
and tentacles in the clear water of the tank. I touch 
its body; instantly the blossom-like display is with- 
drawn ; the column closing over it in the form of 
a hemispherical button, which goes on contracting 
spasmodically. At the same time see these white 
threads which shoot out from various points of the 
surface; new ones appearing at every fresh conti'ac- 
tion, and streaming out to a length of several inches- 
resembling in appeai-ance fine sewing cotton, twisted 
and tangled irregularly. 

JSTow the animal has attained its utmost contraction, 
and the threads lengthen no more. But already they 
are disappearing; each is returning into the body by 
the orifice at which it issued. It is, as you may see 
by examining it carefully with a lens, gradually con- 
tracting into small irregular coils, at that end which is 
attached to the animal ; and these little coils are, one 



I ..Google 



after auoUier, siicbed in, as it were, tlirough an imper- 
ceptible oriiice. 

Before the whole have disappeared, we will secure 
a portion for examination. For this end I cut off with 
a sharp ecissore about one-sixth of an ineli of tho 
exti'emity of one of the tlireads, whicli now I transfer 
to a drop of sea-water in die compressorium. These 
threads are called aoontia. 

Examining this fragment under a low power of the 
mici'oscope, we readily see that, thougli at first it 
seems a solid cyhnder, it is really a fiat narrow ribbon 




Tvith the edges curved in, which can at pleasure be 
brought into contact, and thus constitute a tube. Like 
all other internal organs in these animals, its surface is 
richly ciliated, and the ciliary currents not only hurl 
along -whatever floating atoms chance to approach the 
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surface, "but causo the detached fragments theraselvea 
to ■wheel round and round, and to ewim away through 
the water. Though there is not the slightest trace of 
fibre in the etructnre of the acontiwm, when scrutinized 
even with a power of eight hundred diameters, the 
clear jelly, or sarcode, of which its basis is composed, 
is endowed with a very evident contractility ; tlie 
filament can contract or elongate ; can extend itself in 
a straight line, or throw its lengtlt into spiral curves 
and contorted coils ; can bring its margins together, or 
separate them in various degi'ees ; can perform the one 
operation in one pai't, and the other at another, and 
thus can enlarge or attenuate the general diameter 
of the cord, apparently at will ; and some of these 
changes can be effected even in the fragment detached 
from the animal, thus proving that the motile power, 
whatever it is, is localized in the constituent tissue 
itself. 

Under presstu'e the edges of the flattened acontium 
appear to be thronged with clear viscous globules, 
overlapping one another, and protruding ; indicating 
one or more layers of superficial cells, doubtless form- 
ing the epithelium. As the pressure is iDcreased, 
these ooze out as long pear-shaped drops, and imme- 
diately assume a perfectly globular form, with a high 
refractive power. Below these are packed a dense 
crowd of enidm, an-anged transversely. 

Before we proceed to the examination of these 
curious organs in detail, it may be well to devote a 
moment's attention to the mechanism by which the 
OiContia themselves are projected from the body. As 
this was first described (so far as I am aware) by 
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myself,* I wilL take the liberty of citing some of ray 
obaervations on tho matter, 

" The emifision of the acontia 
is provided for hy the existence 
of special orifices, which I term 
GincUdes. Tlie integument of 
the body, in tho Sagartiw, is 
perforated hy minute foramina, 
having a resemblance in ap- 
pearance to tho spwacula of In- 
sects. They occur in the intor- 
septal spaces; opening a com- 
munication hetween tliese (and 
therefore the general visceral 
cavity) and the external water. 
It follows that they aro placed 
in perpendicnlar rows, but I 
have not been able to trace any cincliees, 

other regularity in their aiTangement. So far as I have 
seen, they are so scattered, tliat one, two, or even more 
contiguous intereepts may be quite d^titute of a eincUs. 
I would not, however, attach too much weight to this 
negative e^-idence, since the animal has the power of 
closing them iudividaally at will, and that so com- 
pletely that the moat careful scrutiny does not detect 
their presence. 

Perhaps the best mode of examining them is to 
piit a small specimen of S. dianthus or S. lellis into 
a narrow parallel-sided glass-cell, filled witli searwater. 
After a while the animal will be much distended; 
the exhaustion of the oxygen impelling the Anemone 

* In a memoir entitled, " Kesearchos on tlie Poison Apparatus ia tlio 
Acliniada!," read befora tbo Eoyal Society, Feb. itli, 1858. 
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to "bathe its organs with as largo a quantity of the fluid 
as it can inhale. The pellucidity of all the integu- 
ments will he thus greatly increased. A strong lamp- 
light being now reflected, by means of tlie mirror 
through the animal on the stage of tlie microscope, an 
inch or a half-inch object-giass will probably reveal 
the orifices in question with ranch distinctness. 

" The appearance of the cindides may be compared 
to that which wonld be presented by the lids of the 
hnman eye, supposing these to be reversed ; the con- 
vexity beiiig inwai'ds. Each is an oval depression, 
with a transverse slit across the middle. When closed, 
this slit may sometimes be diecenied merely as a dark 
line — tlie optical expression of tlie contact of tho two 
edges ; but, when slightly opened, a brilliant line of 
light allows tho parage of the raye from the lamp to 
the beholder. I"rom this condition the lids may sepa- 
rate in various degrees, nntil they are retracted to the 
margin of the oral pit, and the whole orifice is open. 

The dimensions of the cmclides vary not only witli 
the species, and probably also with the size of tho 
individual, but with the state of the muscular con- 
traction of the integument, aa, also, I think, with the 
pleasure of the animal. In a small specimen of 8. 
d,i(mihus, I found the width of a dncUs, measured 
transversely, j-rsth of an inch ; but that of another, in 
the same animal, was more than twice as great, viz., 
Tsjth of an inch. Tliis was on the tliickened marginal 
ring, or parapet, which in this species surrounds the 
tentacles, where the cindides are larger than else- 
where. Watching a specimen of S. nivea under the 
microscope, I saw a oinoUs begin to open, and gi-ad- 
nally expand till it was almost circular in outline, and 
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jljtii of an inch in diameter. I slightly touched the 
animal, atid it in an instant enlarged tlie aperture 
to 55otli of an inch. In a specimen of S. iellis, less 
tlian half-gi-own, I found the cincUdes numerous, and 
aufflciently easy of detection, but rather less defined 
than in dianthua or nivea. Tliey occurred at about 
every fou]-th intersept, three intei-eepts being blind 
for each perforate one, and about three or four in 
linear series, but not quite regularly in either of these 
respects. In this case tliey were about ^'^tli of an 
inch in ti'ansveree diameter— a large size ; and I 
measured one which was even j'jth of an inch. By 
bringing the animal before the window, I could dis- 
cern the light tlirougli the tiny orifices with my naked 
eye. 

Prom several .good observations, and especially 
from one on a cinclts, widely opened, that happened to 
be close to the edge of the parapet of a diantkus, I 
perceived that the passage is not absolutely open, at 
least in ordinary, but that an excessively thin film lies 
aci'oss it. By delicate focussing, I have detected re- 
peatedly, in different degi-ees of expansion, and even 
at the widest, the granulations of a membrane of exces- 
sive tenuity, and one or two scattered cnidfE, across 
the bright interval. On another occasion, in the case 
of a cincUs at the edge of the parapet, a position sin- 
gularly favourable for obsei"vation, I saw that this 
subtle film was gradually pushed out until it assumed 
the form of a hemisphei-ical bladder, in which state it 
remained as long as I looked at it. At the same time 
the outline of the ovnoUs itself was shai'p and clear, 
when brought into focus further in. The film, what- 
ever it be, ia snpei-ficial, and does not appear to be a 
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portion of tlie integument proper. I taJic it to be a 
film of mucus (composed of deorganized epithelial 
cells), which is constantly in process of being sloughed 
from all tlie superficial tisanes in this tribe of animals, 
and -which continues tenacionsly to invest their bodies, 
until, cormgated by the successive contractions of the 
animal, it is washed away by tlie motions of the waves. 
As, however, one film is no sooner removed than 
another commences to form, one would always expect 
external pores so minute as these to bo veiled by a 
mucus-film in Eeasons of rest. 

The pressure of this film is sufficient evidence that 
the omdides are not excretory orifices for the outflow 
of the respired water, in tlie manner of the discharging 
siphon in tJie Bivalve Mollfsca: — at least that no 
ctirrent constantly, or even ordinarily, passes through 
them. I have watched them continuously for periods 
sufficient to detect such discharge if it were periodic. 
On one occasion (viz., that in which the film was 
protraded like a blown bladder) a minute Infusorial 
animalcule chanced to pass across, close to the surface 
of the film ; this would have been a decisive teat of 
the existence of a ciliary current ; but not the slight- 
est deviation in tlie little atom's course could be de- 
tected, 

Tliat the cvncUdes are the special orifices through 
which those missile weapons — the acontia — are shot 
and recovered, rests not merely on the probability that 
arises from the co-existence of the two series of facts 
I have above recorded, but upon actual observation. 
In a rather large S. (Uanthus, somewhat distended, 
placed in a glass vessel between my eye and the sun, 
I saw, with great distinctness, by the aid of a pocket 
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lens, many aconida pj'otruded frora tlie cincUdcs, and 
many more of the latter widely open. The aoofiida, 
in some cases, did not so accurately fill the orifice but 
that a line of bright light (or of dai-kneas, according as 
the siiii was exactly opposite or not) was seen pai'tially 
bordering the ifisue of the thread, while the thickened 
rim of the cinclis surrounded all. 

The appearance of the orifices whence the acontia. 
issued was that of a tubercle or wai-t, and the same 
appearance I have repeatedly marked in examples 
observed on the stage of the microscope ; namely, tliat 
of a perforate pimple, or short columnar tube. This 
was clearly manifest when the animal, slowly swaying 
to and fro, brought the sidea of the cinclis into partial 
perepective. 

On another occasion I witnessed the actual issue 
of the aocaiia from the cmolides. I was watching, 
under a low power of the mici-oscope, a specimen of a 
S. nivea, while, by touching its body rudely, I pro- 
voked it to omit its missile filaments. Presently they 
burst out witli force, not all at once, but some here 
and there, then more, and yet more, on the repeated 
contractions of the corrugating walls of the body. 
Occasionally, tlie free extremity of a filament wonld 
appear, but more frequently tM Hght of a lent one, 
and very often I saw two, and even three, issue from 
tlie same cmcUs. The successive conti-actions of the 
animal under irritation, caused the aaonUa already 
protruded to lengthen with each fresh impetus, the 
bights still streaming out in long loops, till perhaps 
the free end would be liberated, and it would be a 
loop no longer; and sometimes a new thread would 
ehoot from a dncUs, whence one or two long ones were 
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stJ'otching already ; while, as often, the iiow-coiners 
would force open new cincUdes for themselves. The 
suddennesE and explosive force with which they buret 
out, appeared to indicate a resistance which was at 
length overcome : — perhaps (in part at least) due to 
the epithelial film above mentioned, or to an actual 
epiderm, which, tliough often ruptured, has ever, with 
the aptitude to heal common to these lowly structures, 
the power of quickly uniting again. 

It appeared to me manifest from thia and otlier 
similar observations, that no such an'angement exists 
as that which I had fancied: — tliat a definite cinclis 
is assigned to a definite acontiuin, or pair of acontia; 
and tliat the extremity of the latter is guided to the 
former, witli uneiTing accuracy, by some internal 
mechanism, whenever the exercise of the defensive 
faculty is desired. What I judge to be the ti-ue state 
of the case is as follows : The aconUa, fastened by one 
end to the septa or their mesenteries, lie, while at rest, 
irregularly coiled up along the nan-ow interseptal 
foeste. The outer walls of these fossae are pierced witli 
the oinclides. When the animal is irritated, it imme- 
diately contracts : tlie water contained in the visceral 
cavity finds vent at these natural orifices, and the 
forcible cuiTcnta cany with them the acontia,, each 
through that cmcUs which happens to lie nearest to it. 
The frequency with which a loop is forced out shows 
that the issue is the result of a merely mechanical 
action ; which is, however, not the less worthy of ad- 
miration because of the simplicity of the contrivance, 
nor the less manifestly the result of Divine wisdom 
working to a given end by perfectly adequate means. 
The ejected acontia, loaded with tlieir deadly cnidoB in 
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every part of their length, carry abroad their fatal 
powers not the less surely than if each had heen pro- 
vided with a proper tube leading from ita free extrem- 
ity to the nearest cinoUs." 

Carious as these contrivances are, 
there is yet much more to ho told : 
these are prepai-atory and ancillary, as 
it were, to the elaborate meclianisiii by 
which the ultimate object of tlie whole 
provision is to be attained.. The aeon- 
tiiitn is but a reaervior for the weapons 
— a kind of quiver for the aiTows ; aiid 
the cincUs is a provision for getting 
tliem ready for action : we have not yet 
looked at the arrows themselTes. 

They occur under three principal 
forms ; and for the investigation of these 
we shall find it convenient to have re- 
coixrse to different species. 

Tlie fii-st and most generally distribu- 
ted foi-m is tlie Chambered Cnida, as it 
is also tlie most elaborately organized. 
I know of no species in which it can bo 
examined under so favourable circum- 
stances as the pretty Madrepore {Oya- 
thma Smithi-i) of our sontli-westGrn 0NiDA_oFMiDttE- 
coasts ; and as I have several speciraeiis 
of that species in my aquarium, subjects are at hand for 
our investigation. The clear tentacles are, as you per- 
ceive, crowned with opaque globular heads ; if I should 
nip off one of these heads and flatten it by means of the 
compress or ium, you. would see it literally composed of 
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cnidw, the ends of whicli project side by side, as close 
as tliey can be packed one against another. 

But stjl! larger examples may be obtained from the 
eraspeda. With a smart sudden blow I break the stony 
steleton of the Madrepore in sunder — the flesh tearing 
apart also ; and thus I expose the interior of the living 
animal. A great number of pellucid ribbons are now 
seen, very much convoluted, which aro named craa- 
peda. These ai-e almost composed of large cnidm. 

I remove with fine pliers a small fragment of one 
of these ribbons, and placing it between the plates of 
the compressorinm, flatten it gradually till the plates 
are brought into as close contact as they can be. A 
high power now being put on, examine the organ in 
question. 

You see a multitude of perfectly transparent, 
colourless vesicles, of a lengthened ovate figure, con- 
siderably larger at one end than at the other ; one of 
average diraeneions measures in length j^tfth of an 
inch, and in gi-eatest diameter ^nV^^^- " ^^ ^^^ larger 
(the anterior) moiety, passing longitudinally through 
its centime, is seen a slender chamber, fusiform or 
lozenge-form, about ssV^th of an inch in its gi^eatest 
transverse diameter, and tapering to a point at each 
extremity. The anterior point merges into the walls 
of the crtid^ at its extremity, while the posterior end, 
after having become attenuated lihe the anterior, 
dilates with a fimnel-shaped month, in which the eye 
can clearly see a double infolding of the chamber- 
wall. After this double fold the structure proceeds as 
a very slender cord, which passing back towai-ds the 
anterior end of the eapsnle, winds loosely round and 
round tlie chamber, with some regularity at first, but 
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becoming involved in contortions more and more intri- 
cate, as it fills up tlie posterior moiety of the cavity. 
The fusiform chamber appeai-s to be marked on its 
inner surface with regularly recurring serrations, 
■which are the optical expression of that peciiliar arma 
ture to be described presently. 

" Under the stimulus of pressure when subjected to 
microscopical examination, and doubtless under ner- 
vous stimulus, subject to the control of the wiU, during 
the natural exercise of the animal's fiuictions — tlie 
enid(B suddenly emit their contents with great force, 
in a regiilar and prescribed manner. It must not be 
supposed, however, that tlie pressure spoken of is the 
immediate mechanical cause of the emission ; the con- 
tact of the glass-plates of the compressorium is never 
BO absolute as to exert the least direct force upon the 
walls of the capsule itself; but the disturbance pro- 
duced by the compression of the surrounding tissues 
excites an irritability, whicli evidently resides in a 
veiy high degree in the interior of the cnidm ; and 
the projection of the contents is the result of a vital 
force. 

" In general, the eye can scarcely, or not at all, 
follow the lightning-like rapidity with which the 
chamber and its twining thread are shot forth from 
the larger end of the cnidm. But sometimes impedi- 
ments delay the emission, or allow it to proceed only 
in a fitful mannei'^— a minute portion at a time ; and 
sometimes, from the resistance of friction (as against 
the glass-plate of the compressorium), the elongation 
of the thread proceeds evenly, but so slowly as to be 
watched with the utmost ease ; and sometimes the 
process which has reached a certain point normally, 
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becomes from some cause arrested, and the contents 
of tlie cell remain permanently fixed in a transition 
state. Thus, a long continued course of patient ob- 
servation is pretty sure to present some fortuitous 
combinations, and abnoi'mal conditions, which greatly 
elucidate phenomena, that normally seemed to defy 
investigation. 

"In watching any particular' cnida, 
the moment of its emission may be pre- 
dicted with tolerable accuracy, by the 
protrusion of a nipplo-shaped wart from 
the anterior extremity, Tliia is the 
base of the thread. The process of 
its protrusion is often slow and gradual, 
until it has attained a length about 
equal to twice its own diameter, when 
it suddenly yields, and tlie contents of 
the cnida dai-t forth. At this instant 
I have, in many instances, heai'd a dis- 
tinct crack or crepitation, both in the 
examination of tliis species and of Sor 
gartia paradUca. 

""When fnlly expelled, the thread 

or wire, which is distinguished hj the 

terra ecthorwum, is often twenty, thirty, 

■ even forty times the length of the 



cnida: though in 



some species, 



most of the SagarticB, it i'reqnently will 
not exceed one-and-a-half, or two times 
csiDA OF B. 0HAG8i-the IcHgth of thc cfiida. 

" The eoihorwct which are discharged 
by chambered onidm, are invariably furnialied with a 
peculiar armatm-e. Tlie basal portion, for a length 
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eq^tial to tliat of the cnida, or a little more, is distinctly 
swollen, but at tbe point indicated it becomes (often 
abiniptly) attenuated, and runs on for tbe remainder of 
its lengtb as an excessively slender wire of equal diam- 
eter throughout In the short eothorcBa of Sagartia, 
the attenuated portion ia obsolete. 

"It is chiefly upon this ventrieose basal portion 
that the elaborate armature is seen, which is so char- 
acteristic of these remarhable organs. IFor around its 
exterior wind one or more spiral tbichened bauds, 
varying in different species as to their number, the 
number of volutions made by each, and the angle 
which the spiral forma witli tbe axis of tbe ecthorcBum. 
The whole spiral formed of these thickened bands, is 
termed the screw, or st/rebla. 

" In the eathormt emitted by chambered cnidm from 
tbe craspeda of TeaUr crassicorms, the screw is formed 
of a single band, having an inclination of 45° to tbe 
axis, and becoming invisible when it has made seven 
volutions. In those from tbe same organ in 8. pwa- 
sitioa, we find a screw of two equidistant bands, each 
of which makes about six turns — twelve in all — having 
an inclination of 70° from tbe common axis. In those 
similarly placed in Cyathm,a Smithii, [now under your 
observation,] the strebla is composed, as yon may per- 
ceive, of tln-ee equidistant bands, each of wbicb makes 
about ten vohitions — thirty in all — with an inclination 
of about 40° from tbe axis. In every case the spiral 
runs from tbe east towards tbe noi-th, supposing the 
axis to point perpendicularly upwards. 

" Sometimes, especially after having been expelled 
for some time, the wall of tbe ecthorcmm becomes so 
attenuated as to be evanescent, while the sireUa, is still 
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distinctly visible. An inexperienced obeerver would 
be liable, under sucli circumstances, to suppose that 
the screw, when formed of a single band, as in T. oras- 
sicorrds, is itself the wire ; an error into wliich I liad 
myself formerly fallen. An error of anotlier kind I fell 
into, in supposing tliat the ti-iple screw of the wire in 
O. SmitMi was a series of overlapping plates: tlic 
structure of the armature is the same in all cases (with 
the variations in detail that I have jnst indicated) ; and 
the sti-ucture is, I am now well assured, a spiral thick- 
ened band running round the wall of the ecthormjmh 
on its exterior surface. I have been able when exam- 
ining such lai-ge forms as those of CorynacUs viridis 
and Oyaihina SrmthM, with a power of 750 diameters, 
to follow the com-se of the screw, as it alternately ap- 
proached and receded from the eye, by altering the 
focus of the object-glass, so as to bring each part suc- 
cessively into the sphere of vision. 

" These thickened spiral bands afford an insertion 
for a, series of firm bristles, whicli appear to have a 
broad base and to taper to a point. Tlieir length I 
cannot determinately indicate, btit I have traced it to 
an extent which considerably exceeds the diameter of 
the ectkormum. These barbed bristles are denominated 
pterygia. 

" Tlie number of ]}terygia appeal's to vaiy within 
slight limits. As well as I have been able to make 
out, there are but eight in a single volution of the onc- 
banded sbrebla in T. 6rassicom-is ; while in the more 
complex screi^B of S. parasitica^ Cor. viridis^ and Oy. 
SmitMi, there appeared to be twelve in each volution. 

" The barbs, when tliey fii-st appear, invariably j)w- 
Jeet in a diagonal direction from tlie edhorceum/ and 
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eonietimes they maintain tliis posture. I5iit more com- 
monly, either in an instant, or slowly and gradually, 
they assnme a reverted direction. 

" Prom some delicate observations made with a very 
good light, I have reason to conclude that the strebla^ 
and even W\q pterygia-, are continued on the attenuated 
portion of the eothorcBiim, perhaps throughout its length. 
In Cor. mridis and Oyathina Smithm, I have siiC' 
ceeded in ti-acing them up a considerahle distance. In 
the latter I saw the continuation of all these bands, 
with their bristles, but what was strange, the angle of 
inclination had become ncaidy twice as acute as before, 
being only 22" from the axis. Tlie appeai-ance of the 
attenuate portion, as also of the base of the venfricose 
part, is exactly that of a three-sided wire, twisted on 
itself; the barbs projecting from the angles. 

"The next form of these organs is tlie Tangled 
Cnida. This form is very generally distiibuted, and 
is mingled with tlie former in the various tissues. In 
the genus 8agarUa, however, it is by far the rarer form, 
while in Actinia and Anthea it seems to be the only 
one. 

" The pretty little Oorynaetia -ovridis is the best 
species that I am acquainted with for studying this 
kind of onidw. [A fragment of ite craspeda I have 
here ready for your observation, prepared exactly like 
that of (7. Sirdthii.'] Their figure is near that of a per- 
fect oval, but a little flattened in one aspect, about 
jjyth of an inch in the longer, and -^Tsth in the shorter 
diameter. Their size, therefore, makes them peculiarly 
suitable for observations on the structure and functions 
of tliese curious organs. Within the cavity lies a 
thread {ecthorwum) of great length and tenuity, coiled 
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Up in some instances with an approach to regularity, 
but niucli more commonly in loose contortions, like an 
end of thread rndely rolled into a hundle with the 



" The ai-mature of this kind does not differ essen- 
tially from that already described. It is true, I have 
detected it only in CoryncKtis, where the short ectho- 
r<M!/in of the Tangled Cnida is sun-onnded throwghout 
its length by a barbed sfjrAla of three bands. The barbs 
are visible, under very favonrable conditions for obser- 
vation, even while the tangled wire remains enclosed 
in the cnida, but their optical expression is that of ser- 
ratures of the walls, without the least appearance of a 
screw. This, I say, is the only species in which I have 
actually seen the armature of the ecthorcmim in this kind 
of cmdcE, but I infer its existence 
from analogy in other species, where 
the conditions that can be recognis- 
ed agree with those in this, though 
the excessive attenuation of the 
parts precludes actual observation 
of the structure in question. j 

" Spiral Cnidte constitnte the 
tliird form. In a few species, as 
SagarUa ^wrasitiea, Tealia crm&i- 
eomis, and Cerianthus memh'ana- 
ceiis, I have foimd very elongated 
fusiform Giiid^, which seem com 
posed of a slender cylindrical thread, 
coiled into a very close and regular 
spiral. In some cases the extrem- 
ities are obtuse, but in others, as in T. crassiam-nis [an 
example of which I now show you] the posterior ex- 
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ti'cmity runs off to a finely attenuated point, the whole 
of the spire visible even to tlie last, the whole beai'ing 
no small resemblance to a multiepiral shell ; as one of 
the Cerithiadm or TurriteUadm. The ecthorcEmn is dis- 
charged reluctantly fi'om this form, and I have never 
seen an example in which the whole had been run off. 
So excessively subtile are the walla of the onidm, that 
it was not until after many observations that I detected 
them ; in an example from T. orassicomis-, which had 
discharged about half of the wire, I have not seen the 
slightest sign of armature on the coihorwwn. So far as 
my investigations go, these Spiral Onidte are confined 
to the walls of the tentacles, in which, however, they 
are the dominant form." 

Such, tlien, is the form and armature of these 
organs. .Eut I have not yet done with tliem. The 
emission of the wire, strange to say, is a process of 
distinct evereion from beginning to end. The eothorceum 
ia not a solid, but a tubular, prolongation of the walls 
of the cnida, tunied-in, during its primal condition, like 
the finger of a glove drawn into tlie cavity. Of tliia 
fact you may convince yourself by a eai'eful watching 
of the phenomena before you. Many of the ecthorma 
from the tangled cnidw now under your eye run out, 
not iq a direct line, but in a spiral direction. Select 
one of these, and yon will perceive that each bend of 
the spire is made, and stereotyped, so to speak, in suc- 
cession, while the tips go on lengthening ; the tip only 
progi-esses, the whole of the portion actually discharged 
remaining perfectly fixed ; which could not be on any 
other supposition than that of evolution. 

In the discharge of the ehmrihered kind — to revert 
to those which we were just now exanuning — we saw 
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the ventrieose "basal pai't first appear ; the lower barljB 
flew out tefore the upper ones, and all wei'c i'ully ex- 
panded before tlie attenuated portion began to lengthen. 
" This, again, is consistent only with tlie fact of the 
evolntion of the whole. On several occasions of obser- 
vation on the chambered cnidcB of Cyatkina SmitMiy I 
have actually seen the nnevolved portion of the ectJio- 
rfflMJJi running out through the centre of the evolved 
ventrieose portion. But perhaps the most instructive 
and convincing example of all was the following. One 
of the large tangled onidm of (Borynactis mrdis had 
shot about half of its wire with rapidity, when a hind 
of twist, or ' kink,' occurred against the nipple of the 
cnidct, whereby the process was suddenly aiT^ted. 
The projectile force, however, continuing, caused the 
impediment to yield, and minute portions of the thread 
flew out piecemeal, by fits and starts. By turning the 
stage-screw I brought the extremity of the discharged 
portion into view, and saw it slowly evolving, a little 
at a time. Turning back to the cnida, I saw tlie kink 
gradually give way, and the whole of the tangled wire 
qaicMy flew out through the nipple. I once more 
moved the stage, following up the eathortBrnn, and 
presently found the tme extremity, and a lai'ge portion 
of the wire still inverted ; slowly evolving, indeed, but 
veiy distinct thronghont its whole course, within the 
walls of the evolved portion. 

" From all these observations there cannot remain 
a doubt of the succe^ive evereion of the entire eothov- 



ceum. 

Yon ask, "What is the nature of the force by which 
the contained thread is expelled ? " That it is a potent 
force is obvious to any one who malies the sudden 



I ..Google 



SEA.-AHJSM0KE8 : TUBIE ■WEAPONS. 427 

explosive Tiolence with which tlie nipple-like end of 
tlie cwida gives way, and the contents burst forth ; as 
also the exti'enie rapidity with which, ordinarily, the 
whole length is evolved. A cuiions example of this 
force once excited my admiration. The ecthorcBum 
from a tmida of OorynaoUs vwdis was in coiiree of 
rapid evolution, when the tip came full against the 
side of another Gnida already emptied. The evolution 
was momentarily arrested, but the wall of tlie empty 
capsule presently was seen to bend inwai"d, and sud- 
denly to give way, the ecthorcBimb forcing itself in, and 
shooting rov/nd and rov/nd the mterior of the cnida. 

" The most careful observations have failed to reveal 
a lining membrane to tlie cnida. I have repeatedly 
discerned a double outline to the walls themselves, the 
optical expression of their diameter ; but have never 
detected any, even the least, appearance of any tissue 
starting from the walls, as the ecthorrnvmi bursts out. 
My first supposition, reluctantly resigned, was, that 
some such lining membrane, of high contractile 
power, lessened, on iiTitation, the volume of the cavity, 
and forced out the wire. 

" The onida is filled, however, witli a fluid. This 
is very distinctly seen occupying the cavity when, from 
any impediment, such as above described, the wire 
flies out fitfully ; waves, and similar motions, passing 
from wall to wall. Sometimes, even before any portion 
of tlie wire has escaped, the whole mass of tangled 
coils is seen to move irrcguiai'ly from side to side, 
within the capsule, from tho operation of some intestine 
cause. The emission itself is a process of injection j 
for I have many times seen floating atoms driven for- 
cibly along the interior of the eGthorwimh, sometimes 
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swiftly, and sometimes mora deliberately. Notliing 
that I have seen would lead me to coiiclnde that the 
wall of the cnida is ciliated, 

"I consider, then, that this fluid, holding organic 
coi"puBcles in suspension, is endowed with a high 
degree of expansibility ; that, in the state of repose, 
it is in a condition of compression, by the inversion of 
the eotkorwum ; and that, on the excitement of a suit- 
able stimnlns, it forcibly exerts its expansile power, 
distending and, consequently, projecting, the tabular 
ecthormum, — the only part of the wall that will yield 
without actual rupture." 

It has been proved that tlie execntion of these 
weapons is as effectual as their mechanism is elaborate. 
The wire shot with such force penetrates to its base 
the tissues of the living animals which tlie ' Anemone 
attacks, when its barbs preclude the withdrawal of the 
dart. But the entrance of bodies so excessively slen- 
der would of itself inflict little injury; tliere is evi- 
dently tlie infasion at the same time of a highly subtile 
poison into the wound ; some venomous fluid escaping 
with the discharge of the ecthor(mim, which has the 
power, at least when augmented by tlie simultaneous 
intromission of scores, or hundreds, of the weapons, of 
suddenly an-esting animal vigour and speedily de- 
stroying life, even in creatures — fishes for example — far 
higher than the zoophyte in the scale of organization. 
I have seen a little flsh in perfect health come in 
accidental contact with one of the acontia, of an irritat- 
ed SagaHia, when all tlie evidences of distress and 
agony were instantly manifested ; the little creature 
darted wildly to and fro, tui-ned over, sank upon the 
bottom, sh'uggled, fluri-ied, and was dead. 
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" Admitting the existence of a venomous fluid, 
it is difficult to imagine where it is lodged, and how it 
is injected. The firet thought that occure to one's 
mind is, tliat it ia the organic fluid which we have 
seen to flll the interior of the cnida, and to be forced 
through the everting tubular eoiAormum. But if so, it 
cannot be ejected througli the extremity of the 
ecthorcBitm, because if this ■were an ope^i tube, I do not 
see how tlie contraction of the fluid in the cnida could 
force it to evolve ; the fluid would escape through the 
still inverted tube. It is just possible that the barbs 
may be tubes open at the tips, and that the poison-flnid 
may be ejected through these. But I rather incline to 
the hypothesis, that the cavity of the eothorcBtmi, in its 
■prvmal m/oerted oondiHon, while it yet reT/iad/ns coUed 
lip in the cnida, is occupied with the potent fluid in 
question, and that it is poured out gi-adually within the 
tissues of the victim, as the evolving tip of the wii'e 
penetrates farther and farther into the wound." 

I do not think that the whole range of organic ex- 
istence affords a more woudeiful example than this of 
the minute workmanship and elaboration of the pai'ts ; 
the extraordinary modes in which certain presciibed 
ends are attained, and the perfect adaptation of the 
conti-ivance to tho work which it has to do. We must 
remember that all this complexity is found in an 
animal which it is customary to consider as of 
excessively simple structure. But the ways of God 
are past finding out. These are but parts of Ilis 
ways. 
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We are so accustomed to Bee certain of the vital 
iiinctione of animals performed by special organs or 
tissues, that we -wonder when we find creatures which 
move without limbs, contract without muscles, respire 
without lungs or gills, and digest without a stomach or 
intestines. But thus we ai'e taught that the function is 
independent of the organ, and, as it were, piior to it ; 
though in nine hundred and ninety-nine cases out of a 
thousand it be associated with it. In truth, the simplest 
forms of animal life display very little of that division 
of labour, the minuteness of which increases as we as- 
cend the organic scale ; the common tissue is not 
yet differentiated (to use the awkwai-d term which 
is becoming fashionable among physiologists) into 
organs, hut is endowed with the power of folfilling 
varions offices, and performing many fnnctions. In all 
probability, the function is but imperfectly performed ; 
the specialization of cei-tain ti^ues, and their union into 
organs, and the complex ty of buch eo nl itions, 
no doubt, perform the given funct o n a fir more 
complete degree ; and it is ti e n ml er ai 1 elab rate- 
ness of these that constitute on an n il h ghe n the 
scale than another. The h ma li d- e lo lo bt a 
more complete breathing a}].i itns tl in the citire 
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ciliated euvface of an Infusoiy, and the human eye sees 
more perfectly than the loose aggregation of pigment 
gi-anules on the edge of a Jleduaa. But this divereity 
is essential to creation, as the great and wondrous plan 
which we see it to be ; and, meanwhile, we may rest 
satisfied that the humhlo rcquiremente of the lowest 
organism ai-e met adequately hy its hnmble en- 
dowments. 

This evening I propose to show you some of these 
humble conditions of animal life — the lowest of the 
lowly. I have here two or three phials of very rich 
water dipped from the fresb-water ponds in the neigb- 
bourbood. Ail collections of water are not equally 
prodoctive ; and very fai- indeed is the popular notion 
from coiTectness, tliat every drop of water which we 
drink contains millions of animalcules. Yon may find 
many collections of clear water, springs, streams, and 
pools, from wbicb you may examine drop after drop in 
succession, with the bighest powers of the microscope, 
and scarcely discover a solitary animalciile. Again, ifc 
is not stagnant and fetid pools that ai'e the richest 
in vitabty ; though no doubt you will always obtain 
some forms abundantly enough in such conditions. 
According to my own experience — an experience of 
many years — the paucity or profusion of animal life in 
any given collection of water can never be determined 
beforehand ; the season, the situation, the aspect, the 
character of the country, and many other unsuspected 
conditions, may influence the result ; which yet one 
may often give a shrewd guess at. Generally speak- 
ing, small ponds, iii which a good deal of sub-aquatic 
vegetation gi-ows — and particularly if this be- of a 
minutely-divided character, such i 
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Chara, &c., and whose surface is well covered with 
duckweed {Lemnd), yields well ; and, in collecting, it 
is desirable so to dip as that some of the fine loose sedi- 
ment of the bottom may flow into your phial, and then 
to pluck up one or more of the filamentous water-plants, 
and introduce these into your vessel. 

Wow, to examine such a collection, proceed as I am 
about to show you. I hastily glance with the pocket- 
lens over the foliage, and selecting such filaments as 
seem the most loaded with dirty floccose matter, I 
pluck off with pliei's one or two, togethei- witli one or 
two of the cleaner ones that ai-e higher up on the 
plant, neai'er the gi'owing point. Having laid these on 
tlie lower glass of the live-box, I tal;e up with the tip 
of a fine eapillaiy tube, or a pipette, a minute quantity 
of the water at tiie bottom, which flows in as you see, 
carrying a few gi-anules of the sediment. This drop I 
discharge upon the glass of the live-box, put on the 
cover, and place the whole on the stage of the micro- 
scope. 

First let us use a low power — one liuudred diame- 
teis or so — in order to talte a general glance at what 
we have got. Here is an array of life, indeed t Motion 
aiTests the eye everywhere. " The glittering swift and 
tlie flabby slow" are alike here ; clear crystal globules 
revolve giddily on their axes ; tiny points leap hitlier 
and thither like nimble fleas ; long forms ai-e twisting 
to and fro ; busy little creatures ai-e regularly quarter- 
ing the hunting-gi'onnd, gi-ubbing witli an earnest de- 
votednesa among the sediment, as they march up the 
stems ; here are vases with ti-auslucent bodies protrud- 
ing from the mouths ; here are beauteous bells, set at 
the end of tall threads, ever lengthening and short- 
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ening ; lieve are inaelsfcroma in miniature, and tempests 
iu far less than a teapot ; rival and interfering currents 
are whirling round and ronnd, and making series of 
concentric circles among the granules. Surely here is 
material for our study. 

I see an ohject slowly creeping along the g]ass, 
which will he jnst the thing for our purpose. It is the 
Proteus {Anueba d/ifflueTis). let me put on a higher 
power, and submit it to your observation. 

Yon see a flat area of clear jelly, of very iiTegiilar 
fonn, with sinuosities and jutting points, like the out- 
line of some island in a map. A great number of 
minute blackish grannies and vesicles occupy the cen- 
tral part, but the edges are clear and colourless. A 
large bladder is seen near one side, which appears filled 
with a subtile fluid. 

But while you ga^;e on it, you perceive tliat its 
form is changing ; that it is not at two successive 
moments of exactly tlie same shape. This individual, 
which, when you flret looked at it, was not unlike 
England in ontline, is now, though only a few minutes 
have passed, something totally different ; the projecting 
angle that represented Cornwall is become rounded 
and more pei-pendicular ; the broken corner that 
we might have called Kent has formed two little 
points, up in the position of Lincolnshire ; the large 
bladder which was in the place of the Eastern counties 
is moved up to the Durham coast, and is, moreover, 
gi-eatly diminished; and other like changes have taken 
place in other parts. 

Lo ! even while speaking of these alterations, they 
have been proceeding, so that another and a totally 
diverse outline is now presented. A great excava- 
19 
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tion takes the place of Doreot; Kent is immensely 
prolonged ; tlie bladder liaa cLuite dieappeai'ed, &c. ; 
but it IB impossible to follow tliese changes, whicb 
aro ever going on -without a moment's intermission, 
and withont the sliglitest recognisable rule or order. 




SuixesiAsely 



The projections are obliterated or ex^gerated; the 
sinnosities are etnootlicd, or deepened into gulfs, or 
protmded into promontoriea ; firths form here, capea 
there ; not by starts, bnt evenly, and with sufficient 
rapidity to be appreciable to the eye while nnder 
actual observation ; though the alterations are more 
striking if you talio your eye off the object for a few 
seconds, and then look again ; and still more so, if you 
tiy to sketch the outline. Individuals vary greatly in 
dimensions ; this specimen is about one hundred and 
twentieth of an inch in long diameter, but others I have 
seen not more than one-tenth as large as this, and some, 
twice as large. 

Disregarding now this pcculiaiity of change of 
form, which has procured for it the name of the old 
vei-satile sea-god that was so difficult to bind, we will 
concentrate our attention on some other points not less 
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interesting. That great bladder undergoes changes 
besides those gradnal alterations of place whicli are 
dependent on the general form. It slowly but mani- 
festly increases in size np to a certain extent, when 
it rather suddenly diminishes to a point, and im- 
mediately begins to fill again, as slowly as before. 
These alterations go on with some regularity, and 
we cannot observe them without becoming convinced 
tliat it is a procces of filling and emptying ; that the 
bladder gradually lills with a tiuid ■which is either 
secreted by its walls or percolates into it from the sur- 
rounding tissue ; which fluid, when full, the bladder 
discharges by a sudden contraction of its outline. 
But whither the fluid goes it is difficult to determine ; 
I have nevei" been able, in this or in any other instance 
of its occurrence— though this contractile bladder is 
ehai-acteristic of the extensive classes Infusoria and 
MoUferO'— to see any issue of fluid from the body 
at the moment of contraction, and therefore conclude 
that it is discharged into the body, perhaps back again 
into the tissues whence it was taken up, and whence it 
is about to be collected again. Hence, it is probably 
the first obscure rudiment of a circulation ; the fluids 
impregnated with the products of digestion being thus 
collected and then diffused throughout tlie soft and 
yielding tissues. 

The smaller bladder-like spaces that you see in 
considerable numbers in the substance of the animal, 
are collections of fluid contained in excavations of 
that substance, which are called vacuoles, differing 
from vesicles, inasmuch as tliey seem to have no 
proper wall or inclosing membrane, but to be merely 
casual sepai'ations of the common substance, such as 
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would be made by drops of water in oil. Tliese 
vacuoles appear to be connected with tlie digestive 
function ; for very many of them are not clear, but are 
occupied with granules more or less opaque, and of 
exceedingly various dimensions. That these collec- 
tions of gi-anules are food, you will see by this ex- 
periment. 

I mingle a little cai-mino with the water, just 
enough to impart a visible tinge to it, and close tlie 
live-box again. Already you perceive that some of 
the tiny globules are become turbid and red, and that 
their opacity and colour are deepening perceptibly. 
We see by this that the particles of carmine have been 
taken into the jelly-like sarcode, and are accumulating 
in little pellets surrounded by fluid, in tliese casual 
hollows of its substance. The process is rendered still 
more obvious when, as is often the case, some Diato- 
■macsan, vrith a hard siliceous shell, becomes the food 
of the Amceia. The apparently helpless jelly spreads 
itself over the organism, so as soon to envelope it ; the 
flesh, which having no skin can unite with itself 
wherever the parts come into contact, closes over the 
Diatom, which is thus brought into the midst of the 
sarcode, a vacuole being new-made for its reception. 
This, then, performs the part of a temporary stomach, 
the digestible portions of tlie prey are extracted, and 
then tlie insoluble shell of flint is, as it were, gradually 
squeezed to some part of the exterior, and gradually 
forced out, the vacuole disappearing with it, or per- 
haps retaining a minute portion of the fluid, and 
thus perpetuating itself for a while. This is the earliest 
condition in which the process of digestion can be 
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Anotlier genus somewhat similar is Arcella, but it 
differs in being furnished with a move or leas rounded 
shell {lorica), like a little box. In examining tlie mat- 
ters that adhere to the stems of Duclcweed, and other 
water plants, we frequently observe little eirculai' 
bodies of a yellowish or reddish brown colour, some 
much darker than otliers, bnt all having a central 
round spot paler than the rest. On first examination 
they seem inert and dead, but if we closely wateli one, 
we perceive that it is endowed with the power of mo- 
tion ; and we directly discern thrust out from its edge, 
variahle processes, in the form of arms, of clear, per- 
fectly colourless, and most deheate jelly, sometimes 
pointed, sometimes blunt, which slowly change their 
form and position. By the aid of these, a feeble and 
irregular motion is given to the box, which is some- 
times turned partly over ; when we perceive that its 
under-side is flat or probably concave, and that its out- 
line is cut into facets. The loriea is somewhat flexible, 
for the edges at two opposite points are sometimes bent 
down towards each other, so as to give the creature the 
form of a crescent. The internal viscera are dimly 
discernible tlirough the coloured lorica, and resemble 
those of Amc^a. A dark oval ring is commonly seen 
at one side, which is probably the outline of the 
contractile bladder. It may, in fact, be considered as 
an Amcelja, whose external surface has the power of 
secreting a symmetrical shell of horny, or chitinons 
substance. The lorica is about ^ijth of an inch in 
diameter. This species is named AroeUa vulgaris. 

Laying aside our live-box with its contents for 
the present, we wiU have recourse to the tank of 
sea-water for one or two other objects of interme- 
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diate interest. On the green and brown mossy sea- 
weed wliicli eovei'8 the rocks on the bottom, you 
see manj' white specks clinging to tlie filaments ; and 
tliere are several adhering to tlie sides of the tank. 
These are little living shelled animals of the class 
Fora/mmifefO,^ ana ttiese which yon see include several 
species. By bringing your eye assisted by the lens to 
bear upon one of these latter, you perceive that it is a 
little discoid spii-al shell, of very elegant form, marked 
witir curved diverging grooves. This is the pretty 
little Polystomella orispa, a fair sample of its class, 
and though not more than jV*^ ^^ ^^ '""^^^ ^^ diameter, 
it is a giant compared with the Arcdla,. 

There is more however than the shell to be seen ; 
though so filmy and shadowy that I wonder not at your 
overlooking it. Extending from two opposite sides of 
the shell to a distance each way eonsideraWy exceed- 
ing its diameter, you discern fine tlu'cads of clear jelly, 
rumiing out ia long points. " The power you employ is 
not sufficient to enable yon to resolve theii" detail : and 
for this, I will try to secare a specimen for the micro- 
scope. 

In this other live-box, then, I inclose one of the 
white specks from the moss-like clotliing of the stones. 
It is, I see, of another species, namely, Polymxyrfhine 
oblong, but it will answer our purpose etiuaUy well. 

At present we see only the shell, the removal of 
the animal having induced it in alarm to withdraw the 
whole of its softer parts within the protection of its 
castle. We must have a few minutes' patience. 

Ifow look again. From the sides of the opac[ue 
shell we see protruding tiny points of the clear sarcode ; 
these gradually and slowly — so gradually and slowly 
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tliat tliG eye cannot recognise the process of extension 
— stretch and extend their hnes and fihns of delicate 
jelly, till at length they have stretched right across tlie 
field of view. The extension is pi'incipally in two 
opposite directions corresponding to the long axis of 
the shell ; though the hranched and Tariously con- 
nected films often diverge considerably to either 
side of tliese lines, giving to the whole a more or less 
fan-shaped figure. 

These films are as irregular in their forms and sizes 
as the expansion of the sarcode of Amceba, with which 
they have the closest affinity. Their only peculiarity 
is their tendency to run out into long ribbons or at- 
tenuated threads, which however coalesce and unite 
whenever they come into mutual contact, and thus we 
see the threads branching and anastomosing witli the 
utmost irregularity, usually with broad triangular films 
at the points of divergence and union. 

There can be no doubt that the object of these 
lengthened films, which are termed pseudopodia, is 
the captm'c of prey o]- food of some kind ; perhaps 
tlie more sluggish forms of minute animalcules, or 
the simpler plants. Th^e the films of sarcode probably 
entangle, surround, and drag into the chambers 
of the shell, digesting their softer parts in temporary 
vacuoles, and then casting out the moi'o sohd remains, 
just as the A-inc^a does. 

Though this beautiful an'ay was so very delilie- 
rately put forth, it is, as you perceive, very rapidly 
witlidi-awn on any disturbance to the animal, as when 
we agitate the water, by siightJy moving or turning the 
cover of the live- box. Another fact, of which yon may 
convince yourself, by watching manifest though small 
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changes of position in tho shell while Hiider ohser- 
vation, is, that it is by means of the adhesion and con- 
ti-action of the pseudopodia that the animal drags itself 
along a fixed surface. ITiis it can effect so assiduously, 
that I frequently find them in the morning adhering to 
the tank-eidea three or four inches from the bottom, 
thoagh on the previous evening none were visible 
on the glass. Thus they must crawl, on occasion, from 
ft hundred to a hundred and fifty times their own 
diameter in a night. 

The structure of a Sponge is much the same as that 
of these animals, with the exception that its solid pai't 
or skeleton is not a continuous covering by which the 
sarcole is invested, hut consists of fibres or points 
or rods of varying form, which ai'e clothed with 
the sarcode. This loose sort of skeleton may be of 
horny or chitinons matter, like that of Arcella, or 
ealearooua, like that of tlie JForaminifera, or it may 
be siliceous— that is, composed of flint {silex). 

In some cases, as in the common Turkey Sponge, 
the horny skeleton consists of a network of solid but 
slender fibres, very tough and elastic, which branch 
and anastomose in every direction, at veiy short inter- 
vals, as yoH may see by looking at this atom, which I 
cut off from a dressing sponge. 

In the lime and flint Sponges, however, the con- 
tinuity and cohesion of the skeleton does not depend 
upon the organic union of the constituent parts, as it 
does in the loose and open network of the Turkey 
sponge. I'or it is made up of an immense multitude 
of glassy needles, all separate and independent, between 
themselves, yet so contrived that they do liold togetlier 
very firmly, and in a great number of cases are aiTanged 
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on a prescribed plan, eo as to give a certain form and 
outline to the aggregate. 

If you liavo ever shaken np a box of dressing-pins, 
and have tlieu endeavoured to take one ont, yon know 
how by their mere interlacement they adhere together 
in a mass, so that by taking hold of one you may lift a 
bristHng gi-onp of scores. Somewhat on the same prin- 
ciple are the calcareous and siliceoim pins [spicida) of a 
Sponge held together by mutual interlacement. Tet 
their cohesion ia aided by the tenacity of tlie living 
sarcode which invesfs them; for I have found that speci- 
mens of Oraniia (calcareous Sponges with needles of 
three rays), when long macerated in water, so that the 
sarcode is dissolved, have veiy slight power of cohesion 
among their spicula. 

To understand the sti-ucture of a Sponge we will 
shave a thin sectional slice from thia SaUchond/ria su- 
herea. Tliis when alive is of an orange coloni' ; and ia 
always found closely investing turbinate shells which 
are inhabited by Hermit-crabs. "We will macerate the 
slice in tepid water for a g^uarter of an hour, and then 
examine it in the live-box. 

Tlie surface is a tliin layer of greater density than 
any other part, and is composed of coloured fleshy gran- 
ules — omitting for the present, the skeleton. Of the 
same substance is the whole slice composed, but looser 
and more open as it recedes from the surface. It is 
sepai'ated by blank spacea which are larger towards the 
centre, smaller and more nmuerous as they approach 
the exterior. 

These openings ai-e sections of so many canals, by 
which the whole substance of a sponge is permeated. 
The surface ia perforated with minute porea, at which 
19* 
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the snri'oniidrag water enters on all sides, Tliese pres- 
ently unite into slender pipes, whicli, irregnlarly mean- 
dering, ai'e continually uniting into larger and yet larger 
canals ; of which the greater open epaces that you see 
are the oblique divisions. These have certain outlets, 
called oseula, on the surface, from which the stream is 
poured out that has thus made the grand tour of the 




whole interior. Such oscula, as you perceive on the 
remainder of the ffa^ohoiidi ia, are usually raised on 
slight eminences ; and resemble, especially when in 
living action, miniature volcanoes, vomiting torrents of 
water and granules of effete matter, instead of fire and 
ashes. 

During life these gi'anules were much more diffused, 
and formed a considerable portion of the living ilesh, 
the remainder being composed of a glairy sai-code, al- 
most fluid. The whole was maintained in position by 
the solid spicula of flint, which you see abundantly in 
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this slice. These take a emious form, exactly tliat of 
the pins which we xise on our dressing tables ; each 
consisting of a cylindrical slender rod, pointed at on© 
end, and at the other surmounted by a globular head, 
the whole formed of glass— ^ijii glass literally. Tou 
see them bristling all round the edge of the section, 
being stuck into the surface of the sponge, exactly as 
pins ai'e loosely stuck into a pin-cuehion. The heads 
and points, too, project into the cavities ; ]nore, how- 
ever, than they did dui-ing life, for you must make al- 
lowance for the shrinking of the soft parts; and thus 
you perceive how the whole structure is permeated by 
these glassy pins, which seem to be entangled together 
quite at random without rule or aiTangement, And yet 
there is an an-angement discernible here ; for the canals 
are foi-med by the manner in which these are gi'ouped ; 
and this is seen much more clearly, in the case of the 
three-rayed needles of lime in the Grantim. Mr. Bow- 
ei'bank has shown that in G. compressa the substance is 
divided into very regular chambers in a double series, 
separated by a diaphragm, whose axis is at right an- 
gles to the axis of the sponge ; and that those chambers 
are defined by walls made np of the three-rayed needles 
in their mutual interlacement. 
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CHAPTEE XST. 

INFCSOEIA, 

HsvEiroaa a noa moutons. We will resume onr ex- 
amination of the drop of pond-water, and the fragments 
of MyriophyUum, which have been waiting for ws in the 
live-box. 

Our attention then shall firet he given to some ele- 
gant creatui-es of a brilliant ti'anslucent gi-een line, 
which are gracefully gliding about. They are of the 
geniiB Eugl&na, so called because each ia furnished 
■with a very conspicuoua spot of a clear red hue, situated 
near the head, which Ehrenberg, on account of its re- 
semblance to the lowest forms of eyes in the Motif era, 
that ai'e somewhat similar in colour and appearance, 
pronounced to be an organ of vision. More recent 
physiologists, however, doubt the con-ectness of tho con- 
clusion. 

The animals are of several kinds. The most nu- 
merous is an active little thing of about 3 ^tli of an inch 
in length when extended, though from its extreme ver- 
satility it is as difficult to assign to it a definite size, as 
a definite shape. It seems to be the E. sanguiiiea, so 
called because it is said to occur sometimes of a deep 
red hue, and in such vast profnsion, as to give the 
watere the appearance of blood. I have never seen it, 
however, other than as it now appears, rich emerald 
green in the body, with the two extremities perfectly 
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clear and colourless. I might pci'liapa describe its 
ordinary form as spindle-shaped, with a pointed tail, 
and a blunt, TOunded head ; but it is remarkable for the 
variableness of its shape. It is capable of asenming an 
appearance very diverse from what it had half a minute 
before, so that you would hardly identify it, if you 
were not watching its eToluttone. "Whether this ability 
to prove an alias be afc all dependent on tlie remarkable 
clear-Tieadedness of tlie subject, I leave for you who ai-e 
stilled in metaphysics to determine. Away thoy go 
tumbling over and over, revolving on the long axis as 
they proceed, which they do not very rapidly, with the 
blunt extremity forward. 

Here is anotlier form, a little larger than the former, 
but much more slender ; yet from the slown^s and 
steadiness of its movement more easy of observation. It 
is named E. aous, or " the !Needle Euglena." This is 
an animalcule of great elegance and brilliance; its 
sparkling gi-een hue, with colourless extremities, and its 
rich pale crimson eye, are very beautiful. It commonly 
swims extended, with a slow gliding motion, turning 
round on its long axis as it proceeds, as may be distinctly 
seen by the rotation of certain clear oblong substances 
in its body. These then are Been not in the interior, 
but near the surface, as thoy would appear if imbedded 
in the flesh around a hollow centi'e. The interior is 
probably not hollow, but occupied with pellucid sarcode. 
These were assumed by Ehrenberg, but on no adeq^nate 
grounds, to be organs connected with reproduction. 
They vary in number in different individuals, and 
those which contain the greatest number are thereby 
more swollen. Tliey appear to bo separated into two 
series, one anterior, the other posterior. The animal is 
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capable of bending its bead and body in vaiions direc- 
tions, but is most beautiful when straigbt. The front 
is furnished with a slender tbread-like proboeeis. This 
species aifords us a good opportunity of observing the 
red spot which, for convenience sake, we may still 
terra an eye. It seems to be an irregular oblong 
vacuole, or excavation in the sarcode, filled with a 
clear ruby-red fluid. The red spot in the Rotif&ra is 
connected with a well-defined crystalline lens, whoso 
definite form, and high refractive power, may in many 
cases be distinctly marked ; but here nothing of the 
kind is seen ; the spot itself has no certain shape, and 
does not appear to be bounded by a proper wall. Some 
forms, which are by general consent admitted to be 
plants, have similar spots ; and hence it has been, 
ratlier too hastily, I venture to think, concluded, that 
they can have no connexion with vision. I think it 
still possible, that a sensibility to the difference between 
light and dai"kness may ba the function of the organ. 

I have found that this animal, when allowed to dry 
on a plate of glass, retains its form and colour perfectly ; 
but in about two days the eye-spot, which at iirst be- 
comes mnch larger in the drying, gradually loses all 
ti-aces of its brilliant colour, probably by the evapora- 
tion of ttie contained fluid. 

Anotherprettyspeciesyouseegliding along amongst 
the rest, called E. triqiieira, or tlie Tin-ce-sided. It 
bears a resemblance to a broad rounded leaf, with the 
footstalk forming a short transparent point, and the 
raid-rib elevated into a sharp ridge. The under side 
seems slightly concave. This ia ecLually attractive with 
the others. It is persistent in form, and appears not to 
be even flexible. Its motion is slow, and as it goes, 
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'..t rolls irregularly over and over in iil! directions, not 
revolving on its long axis, and tlins giving you very 
satisfactory views — tliongli only 
rtioraentaiy— -of the keel ■with 
■wliich the back is furnished. It 
is in the turnings of Buch mimite 
creatures that the inicroscopist 
often gets a glimpse of peenliari- 
ties of form, which a view of tho 
animal when in repose, however 
long continued, fails to reveal. Longitudinal inteiTupted 
lines are seen running down the body of this pretty leaf, 
which do not appear to mark iiTeguIarities of the sur- 
face, and therefore are probably internal. Ehrenberg 
calls these and similar collections of granules " ova," 
or eggs ; but this is to cut the knot, instead of untying 
it. There is no sufficient reason to believe that thceo 
animals increase by ova. 

About the front of all these Euglerus, you may 
discern now and then a slight flickering or quivering 
in the water. The power we are using, though best 
for the general display of the form, is insufficient to 
resolve this appearance : I will put on a higher objec- 
tive. Ton now see that there proceeds from the frontal 
part of the body, a long and very slender filament, which 
is whislicd about in tlie manner of a whip-lash. This 
is considered to be the organ of locomotion ; but I 
rather doubt that such is the function ; the smooth and 
even gliding, often rotating, of tho creature, seems more 
like that produced by minute and generally distributed 
cilite, than that caused by the lashings of a single long 
tliread. 

Tet two more species of tliis extensive genua we 
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discera in this well-atockett di'op of water. They liavo 
received the appellations of the Pear {K pyrum), and 
tlie Sloth [E. deses). Tho former is the most minute 
we have yet seen, and seema to be scarce ; \ixA it is 
highly curious and interesting in appearance. It much 
resembles, in outline, a fieh of the genus Balistss ^ the 
muzzle being somewhat protruded and ti'uncate, and the 
form rhomboidal; it terminates in a elender pointed 
tail. The body is obliquely fluted, which gives a very 
singiJar effect; for from the transparency of the tissues 
the lines of the opposite side can be discerned crossing 
those next the eye, and dividing the animal into lozenge- 
shaped areas. The colour ia sparkling green, but the 
tail and the edges of tho body are cleai- and colourless : 
and there is a bright red eye. At other times this 
Euglena takes the form of a claret-bottle, or an oil-flask ; 
the muzzle being broadly tinincate, or even indented. 

Its motion is rapid ; a swift gliding in the direction 
of its long axis ; it tnms continually on the same axis, 
which gives a waving in-egularity to its coni-se ; and 
has a pretty effect from the continual croasing of the 
flutings in the revolving. Tliis specimen is about ^Jiith 
of an inch in length, including the tail. 

Eaglena deses is much larger, being about ^i^th of 
an inchin length, though the tail is very short. It has a 
thick body ; with around blunt head ; it tapers suddenly 
to tlie tail. Its colour is bright green with a red eye ; 
but the presence of an infinite number of in-egular 
oblong granules and lines, with several globular vesi- 
cles, gives an opacity and a blackness to its appearance. 
In its mannei-s it is sluggish ; it never swims or glides 
gracefully and swiftly among its playful congenei-s, but 
contents itself with twining slowly among tho flocose 
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stems and filaments of the water-pliinte, or crawls upon 
the surface of the live-box. It does not appear to 
change its form, otherwise than its soft and flexible 
body necessitates, as it twines about. 

But enough of the j5^^^08. Forlhave justeanght 
sight of a still more ciirioos creature, the Swan Ani- 
inalcitle {Trachelocerea, olor). It is repcsing on one 
of tJie leaves of the Myriophylltim, its long and flexible 
neck lengthening and contracting at pleasure, the tip 
thrown about in quick jerks, in every direction, some- 
what like a caterpillar when it touches several points 
impatiently with its head. 

If we admire the graceful sailing of a swan upon a 
lake, the swelling of its ronnded bosom, tlie elegant 
cui-vea of its long neck, we shall be struck with the 
form and motion of this animal. The fonn has much 
resemblance to that of a swan, or stiU more to that of a 
snake-bird (Plotus) ; the body, swelling in the middle, 
tapere gradually into a slender pointed tail, at one ex- 
tremily, and at the otlier, into a very long and equally 
slender neck, which is terminated by a slight dilitation. 
The whole is perfectly transparent, but the body is 
filled with numerous minute globular vessels, or tempo- 
rary stomachs. The grace of its motion as it glides 
along with a free and moderately swift progression 
thi'ough the clear water, or winds through tlie intiicate 
passages of the green conferva, throwing its long neck 
into elegant curves, is very remarkable. There are, I 
see, two of them, which however take no notice of each 
other, even when passing close to each other ; the neck 
of one is much longer than that of the other. Novr 
and then, when gliding along, the neck is suddenly 
conti'acted, but not wholly, as if sometliing had alanaed 
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or displeased the animal : the body also can I)e swollen 
or lengthened at pleasure ; it can move in eitlier di- 
rectioDj but the neck usually goes foremost, extended 
in the direction of the motion, and seems to be used to 
explore the way. 

I had once an opportunity of seeing tlie process of 
increase by spontaneous self-division in this creature. 
It was an unusually largo specimen, fonnd in an old in- 
fusion of sage leaves. When I discovered it, it was 
darting about its long neck in the most beautiful con- 
tortions. As it was partly hidden by the vegetable 
fibres present, I partly turned the glass cover to alter 
the position of the contents. On again looking, the 
Swan was in a clear part of the field, but in the form 
of a dark globose mass, the neck being entirely con- 
tracted. It was quite still, except a, continual slight 
alteration of the form by the protrusion or contraction 
of parts of the outline. The body seemed full of minute 
globules, set in a gi-anular mass of a blackish lute, and 




the outline was uot a continuous line, but formed a multi- 
tude of rounded elevations. Presently it protruded tlie 
clear neck, but only for a short distance, and then re- 
ti-acted it as before ; when the only indication of the 
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presence of this organ was a depression in one part of 
the surface, somewliat like the mouth of a closed Acti- 
nia, where there was a slight but incessant working, 
very much like the irregular motion on tlie surface of 
boiling water, in miniature ; there was also an indistinct 
ciliaiy action at tills part, not of rotation, nor of vibra- 
tion, but a sort of waving. At this point I had occasion 
to get Tip from the table, and though I was not away 
more than a luinute, on. my i-etnm I observed, a strong 
constriction aronnd the middle of the body. It was 
transverse, for the depressed and ciliated mouth was at 
a point exactly at right angles to tlie consb'iction. 
From the depth to which this latter extended in so few 
minutes, I supposed the process of separation would be 
very rapid; for 1 could very soon see a line of light all 
across at intervals, and the two halves seemed to slide 
freely on each other. Tet they remained long without 
much apparent progi-ess, or even change, except that 
the anterior half at one time threw forth its neck a 
short distance ; at this time it looked extremely like a 
bird, bridling up its lithe neck and swelling bosom ; 
while to make the resemblance perfect, it began to 
imitate the action of a fowl picking up gi-ain, bobbing 
its head hither and tliither; so curious aretiie analogies 
of nature I Along the dividing line, there had appeared 
very early in the posterior half, a distinct ciliary action; 
after a while (how, I do not exactly know) without the 
general relation of position being changed, the mouth 
of tlie anterior (which must now be called the old) 
animal appeared on the side, and at the point corres- 
pondent in the otlier, a similar ciliary wreath appeared, 
■while the action along the dividing line was no longer 
seen. So that the division which was at first ti-ansverae 
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now appeared longitudinal. I believe, however, the 
animals were really sepai'ated before this, though they 
remained in contact, for as they slid over each otlier, it 
was manifest that each had an independent action. 

At length, about an hour and a half afl:er the firat 
appearance of the constriction, the new animal threw 
oat its clear neck to a great length, writhing it about 
with rapid agility, and forming the most elegant 
ctirves, like those of a serpent, often completely encir- 
cling its own body with it. It still remained, however, 
in contact with its parent, which, after a time, also 
protruded its neck in the same manner. Both then 
retracted and remained still for a while ; and again, 
almost simultaneously, threw out their long necks, and 
again retired to slug^sh repose. 

Among tlie sediment, the grains of which are 
driven hither and thither by their spasmodic jerking 
movements, yoii see several individuals of another sort 
of creatures — the Chrysalis Aniraalcnle {Pa/rammciii/in 
aureUa.) This is a " whale among minnows ; " for it 
is greatly larger than any of those we have yet ob- 
served ; and is just visible to the naked eye, when we 
hold up the live-box obliquely against the light ; for 
then the animals appear as the smallest possible white 



Bnnging them again nnder tire microscope, eacli 
presents a pellucid appearance, and an oblong iigure, 
of which the fore part is somewhat narrowed. Tiie 
back rises in a rounded elevation ; and the mouth is 
situated as far back as the middle of the body upon 
the nnder sui-face, where its position is mai-ked by a 
sort of long fold, tlie sides of which are fi"inged with 
long cilia, whose vibrations are vei7 marked. The 
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whole surface, on botli sides, is covered with mimite 
cilia, arranged in lougitndinal rows, of which, accord- 
ing to the great PrussiaQ professor, there are from 
thirty to sixty on each surface, each row bearing sixty 
or seventy cilia. This must be considered as an ap- 
proximation ; for we may well doubt the accuracy of 
the counting, when the objects are so very eranescent 
as these vibrating cilia. 

The vacnoles, and the temporary stomachs, more 
or less completely filled with the brown and green 
food, which the animals are collecting from tlie de- 
cayed vegetable matters, are sufiiciently numerous and 
conspicnons ; but they may bo rendered still more so 
by tlie device of mixing a httle calamine with tlie 
water. The ciliary currents are thus instantaneously 
rendered strikingly visible. The crimson atoms are 
attracted from all quarters towards tlie tail of the ani- 
mal, wlicnce they are urged in a rapid stream along 
one side towards the head, around which they are 
hurled, and then down the other side to the tail, ponr- 
ing oif in a dense cloud in a direction contrary to that 
in which they originally approached. 

But now the gathered currents have produced their 
expected result ; for many of the globular vacuoles are 
already become of a beautifol rosy hue, from the mi- 
nute particles of the pigment which have been whirled 
to the mouth, and swallowed. 

The feature of greatest interest, however, in tiiis 
animal is tlie contractile bladder. Two of these organs 
are usually seen co-existent in each individual ; placed, 
the one on the front, the other in the rear of the mouth, 
but near tlie opposite—*, e. the dorsal, surface of the 
body ; for as the creature slowly revolves on its longi- 
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tudinal axis, the line of the vesicles alternately ap- 
proaches and recedes from that of the month. They 
are i-emai-lcable for their sti'ucture. Ear from tho sim- 
plicity in which the organ is usually presented to us in 
the animals of this class, the contractile hladdei-s are 
here very complex. Each when distended is glohular; 




and it is snrronnded by a number of otliers of much 
smaller dimensions, and of a drop-like form, so sot as 
to radiate round the principal vesicle as a centre, the 
rounded portion of each in apparent contact witli the 
vesicle ; and the slender exti'emity running off as an 
attenuated point till lost to sight in tlie sareode. The 
main vesicles alternately become distended, and sud- 
denly contract to a point ; while the radiating cells are 
continually varying in size, though in a less degree. 
It is customary to describe tlie secondary vesicles as 
coming into view at the instant of the contraction of 
the primary one, and to suppose that the emptying of 
the one is the filling of the other ; but I have not been 
able to observe this mutual relation satisfactorily made 
out. The smaller as well as tlie larger vesicles are 
conspicuous from their colourless transparency ; for 
the general earcode of the body, tliough pellucid, is 
only 60 in the same degree as glass, slightly smoked; 
besides that its clearness is often impaired by crowds 
of granules and minute globules. 
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You ask what ia that comparatively large oval body 
attached by its eide to one of the leaves of the plant. 
It is the egg of some considerable liotifer, probably 
Euchlanis, which is always glued to some filament or 
stem of a water-plant. It may interest you to watch 
the progress of the contained embryo, wliicli yon can 
readily do, since the egg-shell is as trauspai-ent as glass, 
and the infant animal already displays the movements 
of independent life. Meanwhile I will tell you the 
tragical and lamentable history of just such an embryo 
as this, tliat was eaten np before it was bora, under my 
own eye. One of the dcprcdatoi-a was a very amusing 
animalcule, which ie sufficiently scarce to make its oc- 
cun-ence a thing of interest, especially to a young mi- 
croBcopist, as I was at the time. 

A large egg of (as I believe) EucManis dMatata had 
been laid during the night on a leaf of IN'it/'Ua, in the 
live-box. When I ob- 
served it, the transpa- 
rency of the shell allow- 
ed the enclosed animal 
to be seen with its vis- 
cera ; which occasionally 
contracted and expand- 
ed ; tlie place of the mas- 
toio I could distinctly 
make out. The ciHa 
were vibrating, not very °°''"™ **"' *™''''""'" 

rapidly, bnt constantly, on the front, where there was 
a vacant space between the animal and the shell. 
From T a. m., when I fii-st saw it, I watched it for about 
eight hours, without perceiving any change ; but at 
that liour, liaving withdrawn for a short time, I per- 
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ceived on my return that a portion of the animal was 
outside the shell. The appearance was that of a small 
colourless bladder oozing ont, at an imperceptible 
aperture ; and this oval vesicle quickly but gradually 
increased, until it was half as large as the egg itself. 
A little eai'lier than this point, the cilia were seen on 
tlie front or lower side of the exeltided portion, and 
these began to wave languidly in a hooked form. Tliey 
thus seemed much longer and more substantial than 
when rotating in the perfect animal. When excluded 
to the extent lust named, some little creatures that 
were flitting about found it, and began to assemble 
round it. These were fai- too rapid in their movements 
to allow me to identify them before, or to perceive any 
thing else than their swift motion and oval form ; but 
this attraction causing tliem to become still, allowed 
me to perceive their singular and beautiful structure. 
Each coneiats of an oval vase open at the top, the 
margin of which is cut into a number of little points ; 
the sides are marked by a series of ribs, which run 
down longitudinally, and are crossed by other trans- 
vei'se ones ; the rounded bottom is furnished with 
three short points ; so that tJie vrhole reminded mc of 
a baiTel with its staves and hoops, set on a three- 
legged stool. Within the body, which is colourless, 
are seen small dai'k spots, which are probably the 
stomaeh-vaciioles. Tlius I identified these little bar- 
rels with CoU^s hirtus of Ehrenberg, but I found no 
record of their carnivorous propensities. One after 
another whirled into the field, and after a few gyra- 
tions became stationary at the head of the half-born 
£Juchlams, just as I have seen vultures gather one by 
one to a carcase. Yery soon there were a dozen or 
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fifteen of them, some of wliich were ever shifting theh 
places, and some were playing around, or revolving 
on their longitudinal axis. I found that their object 
really waa to prey on tlie soft parts of the creature 
jnst esclnded from the egg; for by cai'efnlly watching 
one, I distinctly perceived particles of the flesh fly off, 
as it were, and disappear in the body of the Ool&ps. 
The appearance was that of steel-filings drawn to a 
magnet, for the month of the Gol&ps was not in actual 
contact with the flesh ; and therefore, I suppose, the 
Biirface having been in some way rnptured (winch I 
could see it was), the loose gelatinous atoms were 
sncted ofi' by a strong ciliary cuiTent. They did not 
attack any other part, and after having continued their 
murderous occupation about ten minutes, they one by 
one departed. The ciliary motion of the EucJilanis 
ceased immediately after it was first attacked, and I 
suppose it was soon killed, for it did not increase in 
size in tlie least afterwards. When the Colepes left it, 
a great portion, perhaps a third, of the excluded parts, 
waa devoured. 

Ab soon as tlie depredators were gone, or even 
before, others more diminutive, but more numerous, 
were ready to take their place. The drop of water 
under review had been found amazingly full of a small 
Monas, perfectly transpai'ent, of an oval form, with 
Bome granules visible in the interior. Tliey were about 
3-J^jth of an inch in lengtli. They filled tlie whole 
field, gHding about very nimbly, hut so close as but 
jnst to allow space for motion, and that in several 
strata. By the morning these were collected in masses, 
which, to the naked eye, looked like little undefined 
white clouds, but which under the microscope showed 
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the Monads in incalculable multitutles, but for the 
most part in still repose. Some were still moving to 
and fro, however, and, in the course of the day, most 
of tliem became again active. As soon as the Col&pes 
had foreaken theu* prey, the Monads began to gather 
around it, cleaving to the same parts, and apparently 
imbibing the juices ; for tlie exti'uded parts still slowly 
decreased, until at length these were reduced to about 
one-third of their onginal dimensions. 

A close examination of these latter, when they had 
settled to rest, showed me that they were of the species 
Chilomonas para/mcBGium, There is an indentation on 
one side of the front, where the mouth is situated ; 
here there ia a ciliary action ; the projecting part, 
called the l-i^, is said to be furnished with two slender 
flexible proboseides ; but my power was not sufficient 
to diacera any trace of these. A sort of a ridge, or 
lieel, nins down the length of the body, perceptible by 
a slight line ; numbei-a of stomach cells also are per- 
ceptible. The motion of these lip-monads was not 
very rapid when unexcited ; it is performed by a sort 
of lateral half-roll, the two sides alternately being 
turned up, like a boat broadside to a swell, and the 
line of progression is tmdiilating. 

And now having pretty well exhausted the con- 
tents of this live-box, let us tiy a dip from this otlier 
phial from another locality, equally productive, if 1 am 
not mistaken. Yes ; foi', to begin, the stalks of JHfitdla 
here are fringed with populous colonies of the most 
attractive of all the Infusoria, the beautiful YorUcellcB. 
The species is not the common bell-shaped one, but 
the smaller with pursed mouth, the little V. mieros- 
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Look at thia active group, consisting of a dozen or 
so of glassy vasce, sliaped something like pears, or ele- 
gant antiq^ne urns, elevated on the extremities of long 
and very slender stalks, as slender as tlireads, and 
about six times as long as tlie vases. The stalks grow 
from the midst of the floccose mhbish attached to the 
plant, and diverge as they ascend, thus carrying their 
lovely bells clear of one another. 

Each vase is elegantly ventricose in the middle, 
teiininating below in a kind of nipple to which the 
stalk is attached, and above in a short wide neck with 




a thickened rim. This last is highly sensitive and con- 
tractile ; its inner edge is set roiind with a cu-ele of 
vibratilo cilia, which, when in full play, produce a 
pair of small circular vortices over two opposite points 
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of the brim. TIio cilia tlaeniaelves cannot be distin- 
guished, but their optical expression is eurions. At 
the two opposite points of the circular margin, as seen 
in perspective when slightly inclined towards the ob- 
server, viz.j at those points where the cilia, from their 
position with regard to tlie eye, would be crowded to- 
gether, there are seen two dark dashes, representing, 
doubtless, two ciliary waves, but which have all the 
appearance of tangible objeete, sometiinea withdrawn, 
sometimes proh'uded, and often vibrating with a rapid 
snatching movement. 

These vases are of the neual appearance in Infuso- 
ria. Their substance is tlic clear transpai-ent colourless 
sai-eode, but it contains within it more or less of the 
cloudy nebulous matter which we liave been lately 
familiar with. There are several globular vesicles or 
vacuoles, some ready to imbibe colour from pigment, 
and others already occupied with brown food, wliile in 
each case we see, near tlio centre of the vase, a longish 
body of clear granular textnre, which is called the 
nucleus, and which seems to play an essential part in 
tlie vital economy of the animal. 

The movements of a group such as that we are 
looking at are very sprightly and pleasing. The vases 
turned in all duections, some presenting their moutlis, 
some their sides, some their bases to the eye ; inclined 
a^ various angles from the pei'pendieular, and bending 
in divei-se degrees upon the extremity of their stalbs ; 
swaying slowly and gracefully to and fro, as driven 
hither and thither by the ciliary currents, and, above 
all, ever flying np and down within the length of tlieir 
radius, as a bird when confined by a string ; — all these 
circumstances impart a chai'm to this elegant animal- 
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cule, -wliicli enables us to look long at it -without ■wea- 
riness. 

This last movement is peciiliai', and worthy of a 
moment's closer examination, Tlie stalli, when ex- 
tended to the utmost, is an elastic glassy thread, nearly 
straight, like a wire, bat never so absolutely straight 
as not to show slight undulations. The stalk when 
thus rendered tense by extensionj is highly sensitive 
to vibrations in the sun-ounding medium ; and as in 
the circumstances in which we observe the animals, 
such vibrations must be every instant communicated 
to the vessel in which they ai-e eonfincd, the stalira ai-e 
no sooner tense than they contract with alarm. This 
depends on a contractile cord which passes throughout 
tlie entire lengtli of the stalh, and which is distinctly 
visible in the larger species as a nairow band. We 
can scarcely err in consideiing this ribbon as a radi- 
mentai-y condition of muscle, though we do not recog- 
niee in it some of the characteristic conditions in which 
we are accustomed to see it in higher animals. 

The contraction of tlie muscle is very sadden, ener- 
getic, and complete. With a rapidity which the eye 
cannot follow, tlie vase is brought down almost to the 
very base of the stalk. Then it slowly i-ises again, and 
now we see, what we could not discern in the act of 
contraction itself, that in that act the stalk was thrown 
into an elegant spiral of many tarns, which at the ut- 
most point of contraction were packed close on each 
other, but wliich in the extending act gradually sepa- 
rate, and at length straighten their curves. 

In any stage of the extension, the sudden contact 
of the vase with any floating or fixed object apparently 
causes alarm, and induces the vigorous contraction; 
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but vibrations, even when eo violent as those produced 
by tapping the stage of the microscope with the iinger- 
nail, have no effect unless the stalk be tense, its own 
power of vibi'ation being then only developed, just as 
a cord heeomes musical in the ratio of its tension. 

It is not until wc view these creatures with a good 
microscope that we acquire an adequate idea of their 
beauty : for myself, at least, it was so. I had seen en- 
gi-avings of many of the invisible animalcules, and bad 
read technical descriptions ; bnt of their brilliant trans- 
pai'ency, their sudden and sprightly motions, their gen- 
eral elegance and delicacy, and the apparent intelli- 
gence with which they are endowed, neither books nor 
engi-avings bad given me any conception. 

Some of the individuals under our present exam- 
ination are exhibiting phenomena of no less interest 
than their form and motions. Some of the stalks ai'e 
terminated by two vases instead of one, which appear 
to spring from a common point. These, however, aro 
the result of tlie spontaneoiis splitting of one ; and in 
other examples yon may see the process in different 
stages, or, if your patience endure a conple of hours' 
watching, you may trace the whole phenomena, as I 
have done, from the moment when it first becomes re- 
cognisable, to its completion in the freedom of one of 
the newly formed animalcules. 

For instance, yon perceive that one of the bells 
instead of being vase-shaped, hag assumed a globular 
form. By keeping your eye on this for only a few 
moments, you detect a depression forming in the midst 
of its front outline, which momentarily deepens, until 
it is manifestly a cleft. Tlio division proceeds down- 
wards, the two halves healing simultaneously, so that 
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they are at all times perfectly smooth and rounded ; at 
length two vases appear, side by side, where a few 
minutes before there had been but one- 
One of these is destined to be ultimately thrown 
off, while the other retains sole possession of the atalli. 
You soon see which it is that is going to emigrate : for 
though the two are alike in size, the roving one early 
closes the mouth of tlie vase, becoming smooth and 
globular there, never to open again. The cilia, now 
therefore become useless, disappear by absoi-ption ; but 
meanwhile a new circle of these organs are developed 
around the basal extremity of tlie vase, and these, 
every instant becoming more vigorous in theii' motions, 
sway the little globe about on its point of attachment. 
At length the connexion yields, breaks, and the ani- 
malcule shoots away, rowed by its Imndred oara, to 
fiad a new abode, and to found a new colony. 

Here and tliere you see shooting through the group, 
with a rapid gliding movement, an oblong clear body. 
Tills ia one of the vases, fonned by self-division, and 
exercising its newly found power of locomotion. It is 
giddily roving hither and thither, until the instinct of 
wandering ceases, when it will soberly settle down, 
affix itself by the point which was formerly its mouth, 
whence a new stalJc will gradually grow, and opening 
a new mouth in the midst of the new crown of cilia. 

I believe that the division is sometimes transvei'se 
instead of longitudiual, tlie cleft occurring by constiic- 
tion across the middle of the vase ; but this I have not 
seen. In whatever direction it takes place, it is essen- 
tial that the oblong granular body, called the nucleus, 
which you see in each vase, be divided, the cleft pass- 
ing through the middle of this substance, a portion 
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of which ia tJierefore appropriated to each new made 
animal. 

Tliat tlie essential vitality of tJie creature resides 
in this nucleus is shown by another and highly curious 
mode of increase, namely, that which is effected by 
enmjstion. let us search the live-hox carefully, for 
amidst so great a profusion of Voriioellfe as we have 




ou this Nitella, it will go hard if wo do not find some 
individuals in tlie encysted stage. 

liook at this elegant object. It resembles a ti'Um- 
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pet of tlic clearest glass, witli Ji roundeii extremity, suid 
with the bese affixed to the weed, from which it stands 
itp erect. Within the expanded pai-t of tlie trainpet 
there is a tnrbid mass, with a perfectly defined outline, 
from several points of which proceed radiating pencils 
or tnfta of long, Btraight, stiff, elastic filaments, like 
threads of spun glass, varying greatly in length, and 
each terminated by a little knob of tlie same material. 
The taui ensemble of this object is very atti'active and 
beautiful, and its histoiy is a tale of marvels. 

No wonder that Ehrenherg, supposing this form to 
he an independent animal, gave it a generic and spe- 
cific name. He called it Aoineta mystadiia. Tor who 
would have suspected that this stiff and motionle^ ob- 
ject, witli its tufts of flexible but inanimate threads, 
had any connexion with the sprightly vases which we 
have been examining ? Yet it is the same animalcule, 
in what we may, with a certain liberty of plirase, call 
its chrysalis condition I 

The history of the YorUGella, ae it has been elabo- 
rately worked out by Dr. Stein, exhibits phenomena 
analogous to those marvellous changes which we lately 
considered under the appellation of the Alternation of 
Generations. Large individuals withdraw their circle 
of ciha, close up the mouth, and become globular, 
and then secrete from their whole surface a gummy 
substance, which hardens into a spherical ti-ansparent 
shell, inclosing the Vvri^cella in its cavity, in the form 
of a simple vesicle. Within this vesicle is seen the 
band-shaped nucleus, unchanged, and what was the 
contractile bladder, which, however, no longer con- 
tracts. 

By and by this toi-pid VorUcdla, enlarges itself h'- 
20* 
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regularly, paeliing out its aubataiice in tufts of tlireads, 
and frequently protrnding from one side a larger mass, 
■wHch becomes an adhering stalk, Thua it has become 
an Acineta, 6uch as we now behold. 

From this condition two widely different results 
may proceed. In the one case, the encysted Vbrti- 
ceUa separates itself from the walls of the Acmeia, con- 
tracts into an oval body, furnished at one end with a 
circle of -vibratory cilia, by whose inoveraents it rotates 
vigorously in its prison, while the more obtuse end is 
perforated by a mouth leading into an internal cavity. 
In the interior of this active oval body there ai'e seen 
the band-like nucleus, and a cavity which has again 
begun to contract and to expand at regulai" intervals. 
It is, in fact, in every respect like a YorUoella vase, 
which has just freed itself from its stalk. Presently, 
the pei-petual ciliary action so far thins away the walls 
of the Adneta that tliey burst at some point or other, 
and the little Yorticella breaks out of prison, and com- 
mences life afresh. The Aoineta, meanwhile, soon 
heals its wound, and after a while develops a new 
nucleus, which passes through the same stages as I 
have described, and burets out a second Vortioella. 

But the cycle of changes may be quite different 
from this. For sometimes the nncleus within the 
Acineta, instead of forming a VorticeUa., brealts itself 
up into a groat number of tiny cleai' bodies, I'esem- 
bling Monads, which soon acquire independent mo- 
tion, and glide rapidly about the cell formed by the 
inclosed Yorticdla^odj as in a little sea. But by 
and by, tliis body, together witli the Acineta wall, 
suddenly bursts, and the whole group of Monad-like 
embryos are shot out, to the number of thirty or up- 
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wards. The Aoineta now collapscR and disappears, 
having done its office, while the einhryos shoot hither 
and tliither in newly acqnired freedom. It is assumed, 
on pretty good grounds, that tliese emhiyos soon he- 
come fixed, develop stalks, which are at first not con- 
ti-actile, and gi-adually grow into perfect YorUeellm 
small at the beginning, hut eapahle of self-division, and 
of passing into the Acinsta, stage, and gradually attain- 
ing tlie full size of the race. 

Some forma of the same family, YorUceUadcB, are 
interesting as dwelling in beautiful crystalline houses, 
of vai-ioiiB shapes, always elegant. All these have 
been ascertained to pass through the same or similar 
Aometa stages. Oothurm-a imierbts is one of the 
prettiest of these. The cell is of an elegant ampulla- 
like form, perfectly transparent and colourless, set on 
a stiff foot, or short pedicle, which shows many ti-ana- 
verse folds, like those of leather. From the mouth of 
the vase projects the animal, whose form may be dis- 
tinctly ti'aced through the clear walls of the cell, at- 
tached to its bottom, whence it stretches upward when 
seeking prey, or to which it shnnks when alarmed. 

In the former condition the body resembles a much 
elongated Yorticella, with a similar circular orifice, set 
roimd with cilia. Often the animal performs its ciliary 
vibrations within the shelter of its house, not venturing 
to protmde beyond its nm. If calamine be mixed with 
the water, tlie atoms are seen in the customary vortex, 
and some arc occasionally drawn into the cell nearly 
halt-way down its cavity, and then swiftly driven out 
again. On a slight tap upon the table the animal 
withdraws, and in the same moment the urn bends 
down upon its leathery pedicle, at a point where there 
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is always an angle, until the rim of tlie cell is in con- 
tact with tlie plaut to wliicli it is attached. This action 
is instantaneous. Presently, however, it rises, and re- 
sumes its former position, and then tlie mouth of the 
cell slowly opens, and the animal again protrudes, the 
cilia appearing firat, and finally the head or front part 
of the animal, which is tlien opened and begins to 
rotate. 

Teiy similar to this are the VaginicolcB, but the 
cells which they inhabit are not stalked, but are im- 
movably affixed to plants. In Y. erysialUna, tihe cell 
is a tail goblet, standing erect, perfectly colourless ; 
■while in F. deeumbens, it is slipper-shaped, attached 
along its side, and of a golden-brown hue, but still 
quite transpai-ent. Here is, fortunately, a group of 
tiie latter species, scattered about tho leaves of the 
JffiteUa. 

Though, in general, both in fonn and habits, 
closely like tho Cothurma, yet the Vaginicola has 




some peculiarities of mteiest The cilia are nioie de- 
veloped, and can bemoie distinctly seen than m either 
Cothwrnia or YorUcella fonning, when in swift action, 
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a filmy ring above the margin, along which, as if upon 
a wheel, one or more dai-k points are frequently seen 
to rnn swiftly round ; the optical expression, as I pre- 
sume, of a momentary slackening in the speed of the 
wave. The act of self-division takes place in this 
animal, as in the YorHeellw ; and it ia cuiioua to see 
two Vaginicola^ exactly alike, lovingly inhabiting the 
same ceil. One of the cells which we are now exam,- 
iniEg is in tliis doubly tenanted condition. 

I will now exhibit to you some examples of the 
most highly oi'ganized forma of this class of animals, 
in which we discern a marked superiority over any 
that we have yet looked at, and a distinct approach to 
those animals whose more precise movements are per- 
formed by means of special limbs. These creatures 
are excessively common, both in fresh and sea water, 
wherever vegetable matter ia in process of decomposi- 
tion ; and hence their presence can at all times be com- 
manded by keeping infusions. In this old infusion of 
sage leaves for instance, they occur in vast multitudes, 
past aU imagination ; as you may see with a lens in 
this drop. 

This group belongs to the genns StylonyoMa, and 
I believe to the species 8. pustulaia. It presents tlie 
form of an oval disk, which, when seen sideways, is 
found to he ilat beneath and convex above. It com- 
monly swims with the belly upwards, and when ex- 
liibited on the stage of the microscope, io almost every 
case, this sm-face is presented to tlie eye. It dai'ts 
about very irregularly, with a bobbing motion, rarely 
going far in one direction, but siiooting a little dis- 
tance, and then instantly receding, turning short round, 
and starting hither and thither, so fitfully that it is very 
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difficult to obtain a fair eight of its Btructure. Its mar- 
gin, however, is surrounded by short cilia ; the month, 
■which is a long opening on the front part, and at the 
left side (as to the animal) of the venti-al surface, 13 
fringed with long cilia, which are continiially vibrating. 
Tliese are the organs of the darting motion ; but the 
creature crawls like a mouse, along the stems of con- 
ferva, &c., which it performs by means of curved spines, 
called uncini, near the front part, the points of which 
are applied to the stem, and also by long stiff styles, or 
bristles, which project backward and downward from 
the hinder part. Sometimes the animalcules crawl for 
a moment back-downward, on the inner surface of the 
glass cover, when the bases of the anterior curved 
spines appear dilated like large spots. The spines ai'e 
not capable of much action, but they are rapidly used. 
The general appearance of the creature reminds ns of 
the little "Wood-louse or Ai-niadillo of onr gardens. The 
interior of the body is occupied with a granular sub- 
stance, in which ai-e scattered many globular, vesicles 
of different sizes. Tiie animal is very transpai'ent, and 
almost colourless. They increase very fast by trans- 
veree division, whicJi is performed under the micro- 
scope, so as greatly to increase the number under ex- 
amination, even in an hour or two. A constriction 
forms in the middle of one, which quickly deepens, 
dividing the oblong creature into two of circular figure. 
The mouth of the new one, with Itss vibratile cilia, is 
formed long before separation is complete, and at the 
same end and side as in the parent. The styles and 
bristles then form, and the creatures are held together 
for a few seconds by these organs, even when the 
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bodies ai'e distinctly severed. "When separated, tliey 
retain tlie round form for some time. 

When a drop of water is examined between two 
plates of glass, it is amnsing to observe tlie numbers 
that eongi-egate in the siniii^itiea left by tlie gi'adual 
drying of the fluid. This probably becomes imfit for 
respiration, for the motion of the cilia becomes more 
and more languid, and the creatures die before the 
water is diy. They not only die but ■ocmish, so that 
where there were scores, so close that in moving they 
indented each other's sides and crawled over one 
another — if we look away for a few minntea, and again 
look, we see nothing but a few loose granules. This 
puzzled me, till I watched some dying, and I found 
that each one burst and as it were dissolved. The 
cilia moved up to the very last moment, especially the 
strong ones in front, until, from some point in the out- 
line, the edge became invisible, and immediately the 
animal became shapeless, and from the part which had 
dissolved the interior parts seemed to escape, or rather 
the skin, so to speali, seemed to dissolve, leaving only 
the loose viscera. From the midst of these then pressed, 
as if by the force of an elastic fluid within, several 
vesicles of a pearly appearance, varying in number and 
size, and then the whole became evanescent. 

You will have observed that the admixture of car- 
mine to the water, while the animalcules were active, 
shows the direction of the ciliaiy motion with great 
distinctness. The particles fonn two vortices, one on 
each side of the front, wbicli meet in the centre in a 
strong current, and pass off behind the mouth on each 
side. We do not perceive tliat any of them swallow 
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tlie partiCies of carmine, for the internal vessels remain 
colourless. 

I liave found that if a drop of water containing 
these animals, be placed on ii slip of glass exposed to 
the open air, they do not bui'st as the water dries 
away ; but dry flat on the glass, their bodies broader, 
but shorter than when alive, and cLuite entire. Their 
<;ilia are then -very manifest. On being again wetted, 
though after only a few minutes' desiccation, I have 
never been able to revive them, nor any other Infu- 
soria in like circnmstances, notwithstanding what is 
stated in books- 
Here is another species in equally amazing pro- 
fusion, S. inytUits. Its form is oblong, with rounded 
extremities, the anterior obliquely dilated. This spe- 
cies affords a good example of the various organs of 
locomotion. A transparent oblong sliield, which is 
quite soft and flexible, is spread over the back, which 
does not prevent the eye discerning all the organs 
through it, though much more commonly tlie animal, 
when under the microscope, crawls belly-upward, 
beneath the glass cover of the live-box. Around 
the anterior pai't, which ia broadened, are placed cilia, 
which are vibratile ; these are eontiniied round the 
mouth, a sort of fold on tlie side. Towards tlie posterior 
extremity on each side are other rows of cilia, which 
being large are well displayed. On the venti'al surface, 
chiefly towards the front part, are seen several thick 
pointed processes, shaped like the prickles of a rose, 
but flexible, and capable of being turaed every way. 
These are the imdni, and are evidently used as feet, 
the tips being applied to the glass. The optical eff'ect 
of the thi'owing about of these uncm% when the place 
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■whicli tlioy touch is in focus, is very curious. They 
are rapidly moved, but without regularity ; the tips 
bend as they touch the surface of the glass ; some 
of them seem to have accessary hail's, equally long, 
but slender, proceeding from the same base. On the 
hinder quarter of the ventral sniface ai-e Eeveral thick 
pointed spines ; tlieae are inflexible, nearly straight, 
placed side by side, but not in regular order, some 
reacliing beyond othei-a. I have not seen these used, 
but they commonly remain sticking out in a horizontal 
direction. These organs are termed styles. Eeaides 
these, there are three slender bristles, called setm, 
placed at the hinder extremity, tlie central one in tlie 
line of the body, the othera radiating at an angle. 
These are distinguished from the cilia, not only by their 
length, hnt by not being vibratile. The motions of 
these animals are poweifnl, but irregular and fitful, 
very much like those of the former species. Tliey dart 
hitlier and thither, backward as well as forward, oc- 
casionally shooting round and round in a circle, 
with many gyrations, much like the pretty little 
polished beetles {Qyrinus) that play in mazy dances on 
the surface of a pool. The two extremities seem 
covered with minute pite or stipplings, but colourless ; 
the central part is occupied witli yellowish granules of 



I once witnessed tlie dissolution of one of these 
animals under peculiar circumstances. Two or three 
stems of an aquatic plant had become crossed in the 
live-box so as to form an area, into which the Styl/my- 
chia had somciiow introduced himself. There was just 
room for him to move backward and forward without 
turning, and the space was about three times his own 
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length. Witliin this narrow limit lie impatiently con- 
tintied crawling to and fro, moving his imcini with 
gieat lapidity and showitjg their exti-eme flexibility, 
foi as he applied them now to the stem, now to the 
aurtace of the glass, these whip-like uncini were some- 
times bent double. The so-called styles at tlie posterior 
extiemity, though less frecjuently used so, were yet 
occasionally bent and applied to the sniface as feet, so 
that they are certainly not inflexible as supposed, nor 
do I see any essential difference between them and the 
uncini. The whole body was flexible, taking the foi-m 
of any paesage or nook into whicii it was thrust, yet 
recovering its elasticity immediately the pressm-e was 
removed. Its proper fomi appeared to be convex 
above and concave beneath, rather than flat. After 
having been thus employed about half an hour 
under my observation, it became stiU, moving oidy 
its cilia, when I left it a little while, and on my return 
found that it was dissolved ; the outline having en- 
tirely disappeared, and nothing being left but the 
granules, and globular vesicles, that had constituted 
its viscera, some of which still contained the carmine 
which had been very perceptible in the living animal. 
This was the more remarkable as there was plenty 
of water. It looked like suicide, a spontaneous 
choosing of deatli rather than hopeless captivity. 

Common as these Si/ylonyGhicB ai-e, and abundant 
beyond all calculation, where they do occur, from 
their tendency to self-division, they are not so univer- 
sally met with as their cousins, of the genus Ewplotes. 
These ai-e still more highly organized, and will please 
you by their activity and sprightly intelligence, I am 
sure. Hero ai'e several individuals in the live-box 
at this moment. 
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They differ from the SiylonyckicB, in liaving the 

soil; body covered with a plate of crystal mail, hard 

and inflexible, miicb like the shield of a Tortoise. 

Several epecies have this glassy shield marked with 

delicate lines running lengthwise; sometimes in the 

form of parallel ridges, as in a little species found in 

infusions (perhajre E. charon ;) at others forming rows 

of minute round knobs, as E. tnenoatm, the species 

now before us. The shield is ample, considerably 

^fitr'^^^iia^ overlapping the soft body ; 

J ^^gagg^r —^^^ z' it rises into an arched 

JHm^ — form ill the centre ; and 

^^^^^Slf^^^~/^ ^^ more or less round or 

^r|Y"'^^^5^ -'X, oval. The month is ob- 

'™lIM'^■■■-^;;?'\^ \^ lique, and extends a long 

^'^ - " ■^^^-"^ \ way down the under stir- 

EcuoTEB. j^^g . jj. jg ggj. ^j^j^ strong 

and fine cilia, which also spread over the front. The 
organs of motion are, as before, long styles, pointed and 
rather stiff processes, which project from beneath the 
shell backwards and downwards, and soft hook-like 
nncini which ai-e set chiefly near the fore part of the 
inferior sui-face. In the species before ns, these are 
about sis or seven in number, but in M charon they 
ai'e more numerous. Tlie twinkling rapidity witli 
which these little feet are applied to the surface in 
crawling affords a pleasing sight ; pailicularly when 
the animal is running back-downwards on the upper 
glass plate of the live-box. Some species have bristles 
(or setm) affixed to the hinder part of the shell, from 
which they diverge. In K tnmcatus these are four, 
but they are wanting in E. charon. Tiie body displays a 
mass of granules, vacuoles, and vesicles of different sizes. 
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These are very beautiful objects ; and their 
sprightly motions, and apparent intelligence, give them 
an additional interest. Tliey crawl more than they 
swim, running with great swiftness hither and thither, 
freq^uently taking short starts, and suddenly stopping. 
The specimens which we are examining ai-e taken from 
water which had been kept in a jai- for several weeks. 
Tiio vegetable mattei-s are decaying, and among the 
steins and filaments this pretty species crawls and 
dodges about. It seems reluctant to leave the shelter 
of the decaying solution ; sometimes one will creep out 
a little way into the open water ; but in an instant it 
darts back, and settles in among the stems and floccu 
lent matter. Any attempt by turning the glass cover 
to bring it out into view only makes it dive deeper into 
the mass, as if seeking concealment. This is about 
^i^th of an inch in length of lorica; and the -£! cluvron, 
is not more than one-fourth of this size. These crea- 
tures remind one of an Oniscus, especially when in 
profile. 

There is an animal very closely allied to these, but 
much more beautiful, being of a clear greenish trans- 
lucency, with several vesicles filled with a rose- 
coloiired or pui-ple fluid of much brilliancy. This 
creature, which bears the name of OMamidodon, has 
the peculiarity of a set of wand-like teetli arranged in 
a hollow cylinder. 

And with these wc dismiss the Infusoria, a class of 
animals, which, from their minuteness, the number and 
variety of their species, their exceeding abundance, tlie 
readiness with which they may be procured, and, as it 
were, made to our hand (by simply steeping vegetable 
matter in water, and the uncertainty which still pre- 
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Tails 38 to many parts of tlieir structure and economy ; 
and thei-efore, as to their true affinities in the great 
Plan of creation— offer one of the most promieing 
fields of research which a young raicroscopist could 
cultivate. 



These are thy glorious iroi-ks, Parent of good 

Almighty ; thine this universal froiao ; 

Thus wondrous fair ; Thyself how wondi'Ous then ! 

Unspeakable, who eitt'st above these heav'tis, 

To us iuviiiible, or dimly seen 

In these thg Imoest workt ; yet these declare 

Thy gDodoess beyond thought, aad power divine. 
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